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DESCRIPTION 

ACTIVE MATRIX TYPE DISPLAY APPARATUS, 
METHOD FOR DRIVING THE SAME, AND DISPLAY ELEMENT 

5 

Technical Field 

The present invention relates to an active matrix type display 
apparatus using a switching element such as a thin film transistor, a method 
for driving the same, and a display element. 

, 10 

>v Background Art 

A display apparatus, for example, a liquid crystal display apparatus 
H widely is used for various kinds of electronic equipment as a thin and light- 

|f weight flat display. In particular, an active matrix type liquid crystal display 

£ 15 apparatus using a switching element such as a thin film transistor (TFT) 

actively is heing applied to a monitor display for a personal computer, a liquid 
crystal TV, and the like due to its excellent image characteristics. 

First, the basic configuration of an active matrix type display 
P apparatus will be described with reference to Figure 3. The display 

20 apparatus roughly is composed of a scanning signal driving circuit 2 1, a video 
signal driving circuit 22, and a display element 23. The display element 
includes, as its main components, a plurality of pixel electrodes 5 disposed in a 
matrix, a plurality of switching elements 3 (generally, a thin film transistor 
(TFT) or the like is used) arranged corresponding to the pixel electrodes 5, and 
25 a plurality of scanning electrodes 1 disposed in a line direction (horizontal 
direction) and a plurality of video signal electrodes 2 arranged in a column 
direction (vertical direction) corresponding to the matrix arrangement of the 
pixel electrodes. The video signal electrodes 2 are connected electrically to 
the pixel electrodes 5 via the switching elements 3. Furthermore, a counter 
30 electrode 20 is provided so as to oppose the pixel electrodes 5, and a display 
medium such as liquid crystal is inserted between the pixel electrodes 5 and 
the counter electrodes 4. Furthermore, electrodes called common electrodes 
4 are provided in parallel with the scanning electrodes 1, and storage 
capacitors 7 are provided between the common electrodes 4 and the pixel 
35 electrodes 5. The video signal driving circuit 22 supplies a video signal to a 
plurality of video signal electrodes 2 of the display element 23. Furthermore, 
the scanning signal driving circuit 2 1 supplies a scanning signal for 
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controlling conduction of the switching elements 3 to a plurality of scanning 
electrodes 1 of the display element 23. 

JP 5(1993)- 143021 discloses a method for driving an active matrix 
type liquid crystal display apparatus. According to this method, wiring 
called common electrodes is provided in parallel with scanning electrodes 
(gate electrodes or gate lines), storage capacitors are formed between the 
common electrodes and the pixel electrodes, the potential of the common 
electrodes is varied in synchronization with that of the scanning electrodes, 
and a superimposed voltage is applied to the potential of the pixel electrodes 
by capacitive coupling through the storage capacitors. Because of the effect 
of the superimposition of a voltage, a decrease in a video signal voltage (source 
voltage), a reduction in driving power, enhancement of response speed and 
driving reliability, and the like are achieved. 

Figure 14 is an equivalent circuit diagram of one pixel of a liquid 
crystal display apparatus in which a storage capacitance C st (C st is a common 
electrode-pixel electrode capacitance in more general terms) is formed 
between a common electrode and a pixel electrode. Figure 15 is a diagram 
illustrating the potential of each portion in the case where the liquid crystal 
display apparatus 1 is driven. In Figure 14, TFT represents a thin film 
transistor, represents a gate-drain capacitance (scanning electrode-pixel 
electrode capacitance), C ic represents a pixel electrode-counter electrode 
capacitance (which is a capacitance mainly from liquid crystal; however, there 
also is a capacitance component generated by electrical addition in series or in 
parallel from the other medium. Alternatively, such a capacitance may be 
applied intentionally) formed between a pixel electrode and a counter 
electrode provided so as to oppose the pixel electrode with liquid crystal 
interposed therebetween, V g (n) represents the potential of a scanning 
electrode, V s represents the potential of a video signal, V d represents the 
potential of a pixel electrode, V d represents the potential of a counter electrode, 
and V c (n) represents the potential of a common electrode. The pixels are 
arranged in a matrix, and V g and V c are provided with a suffix "n" since the n- 
th pixel is paid attention to. 

A plurality of scanning electrodes, pixel electrodes, and the like are 
arranged in a matrix. For a strict definition, based on a scanning electrode, a 
pixel (generally, there are a plurality of such pixels) whose ON/OFF (of a TFT) 
is controlled by the scanning electrode may be referred to as "a pixel belonging 
to the scanning electrode". In contrast, based on a pixel (or a pixel electrode), 
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a scanning electrode that controls ON/OFF of a TFT of the pixel may be 
referred to as "a scanning electrode of the stage concerned". The pixel 
electrode (Vj) in Figure 14 refers to "a pixel electrode belonging to the 
scanning electrode (V g (n)), and the scanning electrode (V g (n)) refers to "a 
5 scanning electrode of the stage concerned with respect to the pixel (Va). 
Hereinafter, unless otherwise specified, the term "pixel (electrode)" or 
"scanning electrode" simply will be used. 

There also are a plurality of common electrodes. Therefore, in the 
case of strictly specifying a common electrode, the expression "common 
10 electrode that is the other connection destination of storage capacitance 

connected to a pixel electrode" or the like will be used. The common electrode 
(V c (n)) in Figure 14 refers to "a common electrode that is the other connection 

K destination of storage capacitance connected to the pixel electrode (Va)". 

O 

p However, this also will be simply referred to as "a common electrode". 

*P 15 As shown in Figure 15, in an odd-numbered frame, a video signal 

m voltage takes a negative value based on V d (i.e., V slg (-)). When the potential 

of a scanning electrode V g becomes an ON level (first potential level of a 
scanning electrode) V gon , a TFT is brought into conduction (ON state), and the 
potential of a pixel V d is charged to V slg (-). At this time, the potential of a 
20 common electrode has a value V c (-) (second potential level of a common 
y electrode). Then, under the condition that V g (n) is at an OFF level (second 

p potential level of the scanning electrode) V goff , the TFT is brought out of 

m conduction (OFF state). Thereafter, when the potential of the common 

electrode is changed in a downward direction i.e., from V c (-) to (third 
25 potential level of the common electrode), the pixel potential V d is 

superimposed with a coupling voltage proportional to the voltage difference in 
a downward direction (arrow in Figure 15). 

In an even-numbered frame, a video signal voltage takes a positive 
value based on V d (i.e., V sig (+)). When a pixel is charged to V slg (+), the 
30 potential of the common electrode is set at V c (+) (first potential level of the 
common electrode). After discharging is completed and the potential of the 
scanning electrode falls, the potential of the common electrode is changed 
from V c (+) to in an upward direction. The pixel potential V d is 
superimposed with a coupling voltage proportional to the voltage difference in 
35 an upward direction. 

Consequently, while a voltage with a small amplitude (V slg (+) and 
V sig (-)) is applied to a video signal electrode, a pixel electrode can be supplied 
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with a voltage with a larger amplitude (V do (+) and V do (-)). For example, by 
using an IC for a video signal of an output voltage range of 5 V, a voltage range 
applied to liquid crystal can be increased to 10 V or 15 V. Thus, while using 
an IC with a low withstand voltage, the liquid crystal can be driven with a 
5 voltage equal to or higher than the withstand voltage. 

A period during which the potential of the common electrode becomes 
V c (+) or V c (-) will be referred to as a common electrode compensating period, 
and the voltage V c (±) will be referred to as a common electrode compensating 
voltage (compensating potential). Although it is desirable that V c (+) is 
10 different from V c (~), may be the same voltage as either V c (+) or V c (-). 

Furthermore, the potential of the common electrode is not always required to 
be either V c (+) or V c (-) while the potential of the scanning electrode is V gon . 
JlT The potential of the common electrode should be at this value at least when 

p the scanning electrode falls from to V go£f (more specifically, when a TFT is 

HF 15 changed from an ON state to an OFF state). 

Jjj The scanning signal driving circuit has two output levels, and the 

SI common electrode potential control circuit has three output levels. More 

^ specifically, the scanning signal driving circuit has a first potential level V 

Q and a second potential level V goff , and the common electrode potential control 

W 20 circuit has a first potential level V c (+), a second potential level V c (-), and a 

IN 5 * 

y third potential level V^. In general, three power sources are required of the 

O common electrode potential driving circuit so as to correspond to the above- 

" % mentioned three potential levels. However, if either one of the first potential 

level V c (+) or the second potential level V c (~) is made equal to the third 
25 potential level V coff , only two power sources are enough. Even in the case 
where either of the compensating potentials is equal to V^, the potential 
levels are considered to be different, so that three potential levels are 
considered to be present. 

It is simply that the above-mentioned superimposition of a voltage is 
30 conservation of charge on a pixel electrode from a different point of view. 

More specifically, during a period from a time immediately before charging of 
a pixel is completed and the potential of a scanning electrode falls (the 
potential of the scanning electrode is V gon ) to a time when the common 
electrode compensating period is completed, charge of the pixel electrode is 
35 stored. Therefore, in each of the odd-numbered frame and the even- 
numbered frame, the following (Formula 11) is obtained. 
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(V^(-) - V gon ) + C st (V sig (-) - V c (-)) + C lc (V sig (-) - Vd) 
= C gd (V d0 (-) - V^) + C st (V d0 (-) - + C lc (V d0 (-) - V,) 

0^(4-) - V,J + C st (V sig (+) - V c (+)) + C lc (V sig (+) - Va) 
= C gd (V d0 (+) - V goffi > + C st (V do (+) -V^ + C lo (V do (+) - V,) 

(Formula 11) 

The following (Formulae 12) are obtained by modifying Formula 11. 

V do (-) = V sig (-) - a st AV c (-) - a gd A V gon 
V do (+) = V sig (+) - a st AV c (+) - a^ d AV gon 

(Formula 12) 

AV^, AV C (+), AV C (-), and ag d , a st are represented by the following 
(Formula 13) and (Formula 14). 

AV =V -V „ 

" T gon gon T goff 

AV c (+)=V c (+)-V coff 
AV c (-) = V c (-)-V roff 

(Formula 13) 

a st = C sfc /C tofc 

c t ot = Q g a + Qc + C sfc 

(Formula 14) 

In both (Formulae 12), the second term of the right side corresponds to 
a superimposed portion by a (capacitive) coupling voltage from the common 
electrode, and is determined by AV C (+) or AV C (-). AV C (+) or AV C (-) is a value of 
a potential (in this case, V c (+) or V c (-)), at a moment when a pixel is charged, 
of a common electrode to which storage capacitance is connected, based on the 
potential (in this case, in a retained state. The third term of the right 
side of (Formulae 12) is a (capacitive) coupling voltage from a scanning 
electrode, and is called a feedthrough. C tot in (Formula 14) can be considered 
as the total capacitance electrically connected to the pixel electrode. 

As described with reference to Figure 15, the pixel electrode is charged 
with a signal voltage with its polarity inverted per frame. At this time, it 
may be possible that the entire screen is set at the same polarity, and the 
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polarity is inverted per frame (field inversion system). In addition, there are 
a system of inverting the polarity per line (line inversion system), a system of 
inverting the polarity per column (column inversion system), and a system of 
inverting the polarity in a checkered pattern by combining the line inversion 
5 and the column inversion (dot inversion system). A charging pattern of a 
pixel by each system is drawn as in Figures 16A, 16B, 16C, and 16D. Voltage 
waveforms applied to video signal electrodes V SP and V SQ adjacent to each 
other can be drawn as shown on the right side of each figure. 

In the case of the field inversion and the column inversion, the 
10 polarity of a video signal applied to a video signal electrode in one frame is 
constant. However, in the case of the line inversion and the dot inversion, 
the polarity of a video signal is inverted every time each scanning electrode is 
selected. Furthermore, in the case of the field inversion and the line 
inversion, the polarity is the same between the adjacent video signal 
fP 15 electrodes. However, in the case of the column inversion and the dot 
jjj inversion, the polarity becomes opposite between the adjacent video signal 

.08 electrodes. In the case of the column inversion and the dot inversion, the 

1st 

video signal driving circuit has a function of simultaneously applying two 
0 kinds (i.e., positive polarity and negative polarity) of video signals having 

fV 20 different polarities to a plurality of video signal electrodes. 
1*1 Among the respective systems, S. Tomita et al. (Journal of the SID, 1/2 

O (1993), pp. 2 11-218) describe in detail that horizontal crosstalk is likely to 

fl] 

occur in the field inversion and the line inversion. Hereinafter, this will be 
summarized. 

25 In the field inversion and the line inversion, when a scanning 

electrode is selected to charge pixel electrodes, all the pixel electrodes are 
charged with the same polarity. More specifically, the potential of pixel 
electrodes in the corresponding line changes from a negative voltage to a 
positive voltage in the case of the even-numbered field, and the potential of 

30 pixel electrodes in the corresponding line changes from a positive voltage to a 
negative voltage in the case of the odd-numbered field. Then, the potential of 
a counter electrode fluctuates via the capacitance (liquid crystal capacitance 
also is included) between the pixel electrodes and the counter electrode (since 
the counter electrode has a finite sheet resistance, even if the potential is fixed 

35 at the end of a screen, the potential slightly fluctuates in the screen), the 

potential charged to the pixel also fluctuates due to the influence; as a result, 
crosstalk may occur. This also may be considered to occur since V d appearing 
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on both sides of (Formula 11) due to the fluctuations in the potential of a 
common electrode become different values between the left side and the right 
side, and the retention potential V do (±) of the pixel electrode does not become a 
value represented by (Formula 12). 
5 In contrast, in the case of the column inversion and the dot inversion, 

when scanning electrodes in a line are selected to charge pixels, the polarity of 
charging is opposite between adjacent pixels. Therefore, the fluctuations in 
the potential of the common electrodes via the pixel electrode-common 
electrode capacitance cancel each other, whereby the above-mentioned 
10 crosstalk does not occur. 

y For the above-mentioned reasons, it is desirable to adopt the column 

inversion or the dot inversion. 

p: However, in a liquid crystal display apparatus that changes the 

□ potential of a common electrode by the driving method as described in Figure 

15 15 with the circuit configuration in Figure 3, the following becomes apparent: 

jjl as a screen size increases, flickering and a brightness gradient (brightness 

CO inconsistency) occur conspicuously 

^ Furthermore, when a screen size increases, the potential of a counter 

£3 electrode for writing a video signal fluctuates largely, and horizontal crosstalk 

I ^ 20 becomes conspicuous. Therefore, it is required to adopt the column inversion 
1^ or the dot inversion that is a driving system advantageous to horizontal 

crosstalk. However, in the case of adopting the driving method of Figure 15 
with the circuit configuration of Figure 3, by controlling the potential of a 
common electrode at a moment when a scanning electrode is selected, a 
25 predetermined superimposed voltage with the same polarity as that of a video 
signal is applied to all the pixels belonging to this line to obtain the effect of an 
increased amplitude of the retention potential of pixel electrodes. Therefore, 
in the case of the driving system in which a video signal with positive and 
negative polarities is applied while a scanning electrode is selected as in the 
30 column inversion and the dot inversion, the effect of an increased amplitude of 
the retention potential of a pixel electrode cannot be obtained (more 
specifically, the voltage of a video signal driving circuit IC cannot be lowered). 
More specifically, the problems in the prior art he in that a video display 
apparatus capable of lowering the voltage of the video signal driving circuit IC 
35 and reducing horizontal crosstalk cannot be achieved. 
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Disclo su re of Invention 

The present invention has been achieved in view of the above- 
mentioned problems, and its object is to provide a display apparatus capable 
of reducing flickering and a brightness gradient, and lowering the voltage of a 
video signal driving circuit IC and reducing horizontal crosstalk, a method for 
driving the same, and a display element. 

In order to achieve the above-mentioned object, a first display 
apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a counter electrode; a 
display medium interposed between the pixel electrodes and the counter 
electrode; and storage capacitance formed between the pixel electrodes and 
the common electrodes, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C gd , a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by C st , and a 
total capacitance connected electrically to the pixel electrodes is represented 
by C tot , 

a &d and a sfc represented by 

a gd = 0^/0^, a st = (yC^ (Formula 1) 

are set to be different values between a portion close to feeding ends in a 
screen and a portion away therefrom. 

It is preferable that the first display apparatus includes a video signal 
driving circuit for applying two kinds of video signals having different 
polarities to video signal electrodes in accordance with a display period. 

Furthermore, it is preferable that the first display apparatus includes 
a common electrode potential control circuit for applying a voltage signal to a 
plurality of common electrodes and a scanning signal driving circuit for 
applying a voltage signal to a plurality of scanning electrodes, the common 
electrode potential control circuit has output potential levels of at least two 
values, and the scanning signal driving circuit has output potential levels of at 
least two values. 

It is preferable that a potential of a scanning electrode becomes a first 
potential level V gon when the scanning electrode is selected and becomes 
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substantially a second potential level V goff during a retention period in which 
the scanning electrode is not selected, 

a potential of a common electrode that is a connection destination of 
storage capacitance connected to pixel electrodes of a plurality of pixels 
5 belonging to the scanning electrode becomes a first potential level V c (+) in a 
case where a polarity of a video signal is positive and a second potential level 
V c (~) in a case where the polarity of the video signal is negative, when the 
scanning electrode is selected, and 

in a case where a difference between the first potential level V c (+) of 
10 the common electrode and a potential during a subsequent retention period is 
represented by AV C (+), and a difference between the second potential level 
V c (~) of the common electrode and a potential during a subsequent retention 
J* period is represented by AV C (-), 

fjj y represented by 

f 15 

| Y = ct st V cp /2 (Formula 2) 

§ (where = AV C (+) - AV C (-) (Formula 3)) 

si 

Q is set to be smaller in the portion away from the feeding ends in the screen, 

20 compared with the portion close thereto. 

In this case, it is preferable that, assuming that a value of y in the 
CI portion close to the feeding ends in the screen is y(0), a value of y in the 

s% portion away from the feeding ends in the screen is y(E), and a value of y in a 

portion in a middle therebetween in terms of a distance is y(M), y(M) is smaller 
25 than [y(0) + y(E)]/2. 

Furthermore, it is preferable that takes a negative value. 
In the first display apparatus, it is preferable that a potential of a 
scanning electrode becomes a first potential level when the scanning 
electrode is selected and becomes substantially a second potential level 
30 during a retention period in which the scanning electrode is not selected, 

a potential of a common electrode that is a connection destination of 
storage capacitance connected to pixel electrodes of a plurality of pixels 
belonging to the scanning electrode becomes a first potential level V c (+) in a 
case where a polarity of a video signal is positive and a second potential level 
35 V c (~) in a case where the polarity of the video signal is negative, when the 
scanning electrode is selected, and 

in a case where a difference between the first potential level V c (+) of 
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the common electrode and a potential during a subsequent retention period is 
represented by AV C (+), and a difference between the second potential level 
V c (-) of the common electrode and a potential during a subsequent retention 
period is represented by AV C (-), 
5 p represented by 

p = ot gd + oc st (AV JAV gon ) (Formula 4) 

(where AV gon = V gon - V goff , AV^ = [AV C (+) + AV c (-)]/2 (Formulas)) 

H 10 is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion close thereto. 

In this case, it is preferable that, assuming that a value of p in the 
portion close to the feeding ends in the screen is p(0), a value of p in the 
portion away from the feeding ends in the screen is P(E), and a value of p in a 
15 portion in a middle therebetween in terms of a distance is P(M), p(M) is larger 
| than [0(0) + p(E)]/2. 

W Furthermore, it is preferable that AV^ is negative. 

In the first display apparatus, it is preferable that a potential of a 
Q scanning electrode becomes a first potential level V gon when the scanning 

.rU 20 electrode is selected and becomes substantially a second potential level V goff 
y during a retention period in which the scanning electrode is not selected, 

a potential of a common electrode that is a connection destination of 
storage capacitance connected to pixel electrodes of a plurality of pixels 
belonging to the scanning electrode becomes a first potential level V c (+) in a 
25 case where a polarity of a video signal is positive and a second potential level 
V c (-) in a case where the polarity of the video signal is negative, when the 
scanning electrode is selected, 

in a case where a difference between the first potential level V c (+) of 
the common electrode and a potential during a subsequent retention period is 
30 represented by AV C (+), and a difference between the second potential level 
V c (-) of the common electrode and a potential during a subsequent retention 
period is represented by AV C (-), 
y represented by 

35 Y = oc sfc V cp /2 (Formula 2) 

(where = AV C (+) - AV C (-) (Formula 3)) 
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is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion close thereto, and 
p represented by 

p = a gd + a st (AVJAVgJ (Formula 4) 

(where AV gon = V gon - V goff? AV^ = [AV e (+) + AV c (-)]/2 (Formula 5)) 

is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion close thereto. 

In order to achieve the above-mentioned object, a second display 
apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a counter electrode; a 
display medium interposed between the pixel electrodes and the counter 
electrode; and storage capacitance formed between the pixel electrodes and 
either of the common electrodes, a plurality of the common electrodes that are 
connection destinations of the storage capacitance being connected to the pixel 
electrodes of a plurality of pixels belonging to one of the scanning electrodes, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C gd , a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by C st , and a 
total capacitance connected electrically to the pixel electrodes is represented 
by C tot , 

a gd and a st represented by 

<\d = C gd /C tot , a st = (yC^ (Formula 1) 

are set to be different values between a portion close to feeding ends in a 
screen and a portion away therefrom. 

It is preferable that the second display apparatus includes a video 
signal driving circuit for simultaneously applying two kinds of video signals 
having different polarities to a plurality of video signal electrodes, and 
applying two kinds of video signals having different polarities to each of the 
video signal electrodes in accordance with a display period. 

Furthermore, it is preferable that the second display apparatus 
includes a first common electrode that is a connection destination of storage 
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capacitance connected to pixel electrodes of pixels belonging to a video signal 
electrode to which a video signal with a first polarity is applied among a 
plurality of pixels belonging to one of the scanning electrodes, and a second 
common electrode that is different from the first common electrode and is a 
5 connection destination of the storage capacitance connected to the pixel 
electrodes of the pixels belonging to the video signal electrode to which the 
video signal with a second polarity is applied. 

Furthermore, it is preferable that the second display apparatus 
includes a common electrode potential control circuit for applying a voltage 
10 signal to a plurality of common electrodes and a scanning signal driving 

circuit for applying a voltage signal to a plurality of scanning electrodes, the 
common electrode potential control circuit has output potential levels of at 
least two values, and the scanning signal driving circuit has output potential 
O levels of at least two values. 

SSB 

t: 15 Furthermore, it is preferable that a potential of a scanning electrode 

m becomes a first potential level V gon when the scanning electrode is selected and 

09 becomes substantially a second potential level V goff during a retention period 

^ in which the scanning electrode is not selected, 

£3 among common electrodes that are connection destinations of storage 

JJjjj 20 capacitance connected to pixel electrodes of a plurality of pixels belonging to 
y the scanning electrode, 
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a potential of the first common electrode becomes a first potential level 
V c (+) in a case where a polarity of a video signal applied to a video signal 
electrode corresponding to the first common electrode is positive and a second 
25 potential level V c (-) in a case where the polarity of the video signal is negative, 
when the scanning electrode is selected, 

a potential of the second common electrode becomes a first potential 
level V c (+) in a case where the polarity of the video signal applied to the video 
signal electrode corresponding to the second common electrode is positive and 
30 a second potential level V c (-) in a case where the polarity of the video signal is 
negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level V c (+) of 
the common electrode and a potential during a subsequent retention period is 
represented by AV C (+), and a difference between the second potential level 
35 V c (-) of the common electrode and a potential during a subsequent retention 
period is represented by AV C (-), 
y represented by 
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Y = <* st V cp /2 

(where V=AV c (+)-AV c (-) 



(Formula 2) 
(Formula 3)) 



is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion close thereto. 

In this case, it is preferable that, assuming that a value of y in the 
portion close to the feeding ends in the screen is y(0), a value of y in the 
portion away from the feeding ends in the screen is y(E), and a value of y in a 
portion in a middle therebetween in terms of a distance is y(M), y(M) is smaller 
than[y(0) + y(E)]/2. 

Furthermore, it is preferable that is negative. 

In the second display apparatus, it is preferable that a potential of a 
scanning electrode becomes a first potential level when the scanning 
electrode is selected and becomes substantially a second potential level 
during a retention period in which the scanning electrode is not selected, 

among common electrodes that are connection destinations of storage 
capacitance connected to pixel electrodes of a plurality of pixels belonging to 
the scanning electrodes, 

a potential of the first common electrode becomes a first potential level 
V c (+) in a case where a polarity of a video signal applied to a video signal 
electrode corresponding to the first common electrode is positive and a second 
potential level V c (-) in a case where the polarity of the video signal is negative, 
when the scanning electrode is selected, 

a potential of the second common electrode becomes a first potential 
level V c (+) in a case where the polarity of the video signal applied to the video 
signal electrode corresponding to the second common electrode is positive and 
a second potential level V c (-) in a case where the polarity of the video signal is 
negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level V c (+) of 
the common electrode and a potential during a subsequent retention period is 
represented by AV C (+), and a difference between the second potential level 
V c (-) of the common electrode and a potential during a subsequent retention 
period is represented by AV C (-), 

(3 represented by 



P=a gd + a st (AV cc /AV gon ) 



(Formula 4) 
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(where AV gon = V gon -V, off , AV^ = [AV C (+) + AV c (-)]/2 (Formulas)) 

is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion close thereto. 
5 In this case, it is preferable that, assuming that a value of p in the 

portion close to the feeding ends in the screen is p(0), a value of p in the 
portion away from the feeding ends in the screen is p(E), and a value of p in a 
portion in a middle therebetween in terms of a distance is p(M), P(M) is larger 
than [p(0) + p(E)]/2. 
10 Furthermore, it is preferable that AV^ is negative. 

In the second display apparatus, it is preferable that a potential of a 
scanning electrode becomes a first potential level V gon when the scanning 
electrode is selected and becomes substantially a second potential level 
O during a retention period in which the scanning electrode is not selected, 

jjj 15 among common electrodes that are connection destinations of storage 

jjj capacitance connected to pixel electrodes of a plurality of pixels belonging to 

the scanning electrodes, 

a potential of the first common electrode becomes a first potential level 
p V c (+) in a case where a polarity of a video signal applied to a video signal 

p| 20 electrode corresponding to the first common electrode is positive and a second 
y potential level V c (-) in a case where the polarity of the video signal is negative, 

O when the scanning electrode is selected, 

fti 

a potential of the second common electrode becomes a first potential 
level V c (+) in a case where the polarity of the video signal applied to the video 
25 signal electrode corresponding to the second common electrode is positive and 
a second potential level V c (-) in a case where the polarity of the video signal is 
negative, when the scanning electrode is selected, 

in a case where a difference between the first potential level V c (+) of 
the common electrode and a potential during a subsequent retention period is 
30 represented by AV c (+)> and a difference between the second potential level 
V c (-) of the common electrode and a potential during a subsequent retention 
period is represented by AV C (~), 

y represented by 

35 y = a st YJ2 (Formula 2) 

(where = AV C (+) - AV C (-) (Formula 3)) 
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is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion close thereto, and 
P represented by 



5 p = + a sfc (AVJAVgJ (Formula 4) 

(where AV^ = V gon - V goff , AV^ = [AV C (+) + AV c (-)]/2 (Formulas)) 

is set to be larger in the portion away from the feeding ends in the screen, 

compared with the portion close thereto. 
10 In order to achieve the above-mentioned object, a third display 

apparatus of the present invention includes: a plurality of pixel electrodes 

arranged in a matrix; switching elements connected thereto; scanning 
Q electrodes; video signal electrodes; common electrodes; a display medium 

O interposed between the pixel electrodes and the common electrodes; and 

+J 15 storage capacitance formed between electrodes, other than the common 
jjj electrodes opposing the pixel electrodes via the display medium and the 

W scanning electrodes of the stage concerned, and the pixel electrodes, 

hi 

B ' wherein, in a case where a scanning electrode - pixel electrode 

O capacitance between the pixel electrodes and the scanning electrodes is 

20 represented by C gd , a common electrode - pixel electrode capacitance between 

jjj the pixel electrodes and the common electrodes is represented by C lc? and a 

O total capacitance connected electrically to the pixel electrodes is represented 

by c^, 

a gd and oc lc represented by 



25 



a gd = C gd /C tofc , a te = (VCtot (Formulae) 



are set to be different values between a portion close to feeding ends in a 

screen and a portion away therefrom. 
30 It is preferable that the third display apparatus includes a video 

signal driving circuit for applying two kinds of video signals having different 

polarities to video signal electrodes in accordance with a display period. 

Furthermore, it is preferable that the third display apparatus includes 

a common electrode potential control circuit for applying a voltage signal to a 
35 plurality of common electrodes and a scanning signal driving circuit for 

applying a voltage signal to a plurality of scanning electrodes, the common 

electrode potential control circuit has output potential levels of at least two 
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values, and the scanning signal driving circuit has output potential levels of at 
least two values. 

In the third display apparatus, it is preferable that a potential of a 
scanning electrode becomes a first potential level V gon when the scanning 
5 electrode is selected and becomes substantially a second potential level V goff 
during a retention period in which the scanning electrode is not selected, 

a potential of a common electrode that opposes pixel electrodes of a 
plurality of pixels belonging to the scanning electrode via the display medium 
becomes a first potential level V c (+) in a case where a polarity of a video signal 
10 is positive and a second potential level V c (-) in a case where the polarity of the 
video signal is negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level V c (+) of 
the common electrode and a potential during a subsequent retention period is 
represented by AV c (+)> and a difference between the second potential level 

X: 15 V c (-) of the common electrode and a potential during a subsequent retention 

yp 

HI period is represented by AV C (-) , 

CO y represented by 

LJ 

h Y = (Formula 7) 

jjj 20 (where = AV 0 (+) - AV„(-) (Formula 8)) 

CI is set to be smaller in the portion away from the feeding ends in the screen, 

compared with the portion close thereto. 

In this case, it is preferable that, assuming that a value of y in the 
25 portion close to the feeding ends in the screen is y(0), a value of y in the 

portion away from the feeding ends in the screen is y(E), and a value of y in a 
portion in a middle therebetween in terms of a distance is y(M), y(M) is smaller 
than [y(O) + y(E)]/2. 

Furthermore, it is preferable that is negative. 
30 In the third display apparatus, it is preferable that a potential of a 

scanning electrode becomes a first potential level when the scanning 
electrode is selected and becomes substantially a second potential level 
during a retention period in which the scanning electrode is not selected, 
a potential of a common electrode that opposes pixel electrodes of a 
35 plurality of pixels belonging to the scanning electrodes via the display medium 
becomes a first potential level V c (+) in a case where a polarity of a video signal 
is positive and a second potential level V c (~) in a case where the polarity of the 
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video signal is negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level V c (+) of 

the common electrode and a potential during a subsequent retention period is 

represented by AV C (+), and a difference between the second potential level 
5 V c (-) of the common electrode and a potential during a subsequent retention 

period is represented by AV C (-), 
P represented by 

0 = <*gd + a lc (AVJAVgJ (Formula 9) 

10 (where AV gon = V &on - V goff , AV rc = [AV C (+) + AV c (-)]/2 (Formula 10)) 

is set to be larger in the portion away from the feeding ends in the screen, 
fcj compared with the portion close thereto. 

Q In this case, it is preferable that, assuming that a value of (3 in the 

■F 15 portion close to the feeding ends in the screen is (3(0), a value of 3 in the 
m portion away from the feeding ends in the screen is P(E), and a value of p in a 

portion in a middle therebetween in terms of a distance is P(M), p(M) is larger 
than [p(0) + p(E)]/2. 
O Furthermore, it is preferable that AV^ is negative, 

pf 20 In the third display apparatus, it is preferable that a potential of a 

y scanning electrode becomes a first potential level when the scanning 

electrode is selected and becomes substantially a second potential level V goff 
during a retention period in which the scanning electrode is not selected, 
a potential of a common electrode that opposes pixel electrodes of a 
25 plurality of pixels belonging to the scanning electrode via the display medium 
becomes a first potential level V c (+) in a case where a polarity of a video signal 
is positive and a second potential level V c (-) in a case where the polarity of the 
video signal is negative, when the scanning electrode is selected, 

in a case where a difference between the first potential level V c (+) of 
30 the common electrode and a potential during a subsequent retention period is 
represented by AV C (+), and a difference between the second potential level 
V c (-) of the common electrode and a potential during a subsequent retention 
period is represented by AV C (~), 
y represented by 



Id 



m 



35 



Y = oc lc V cp /2 (Formula 7) 

(where = AV C (+) - AV C (-) (Formula 8)) 
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is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion close thereto, and 
P represented by 



P = oc gd + a lc (AVJAV.J (Formula 9) 

(where AV gon =V gon -V goff , AV^ = [AV C (+) + AV e (-)]/2 (Formula 10)) 

is set to be larger in the portion away from the feeding ends in the screen, 
10 compared with the portion close thereto. 

In order to achieve the above-mentioned object, the fourth display 
apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
Q electrodes; video signal electrodes; common electrodes; a display medium 

■P 15 interposed between the pixel electrodes and the common electrodes; and 
m storage capacitance formed between electrodes, other than the common 

electrodes opposing the pixel electrodes via the display medium and the 
scanning electrodes of the stage concerned, and the pixel electrodes, a 
p plurality of the common electrodes opposing the pixel electrodes of a plurality 

■J *f 20 of pixels belonging to one of the scanning electrodes via the display medium, 
y wherein, in a case where a scanning electrode - pixel electrode 

Q capacitance between the pixel electrodes and the scanning electrodes is 

represented by C gd , a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by C lc , and a 
25 total capacitance connected electrically to the pixel electrodes is represented 
by C tot , 

a gd and a lc represented by 



.3 



<* gd = Cgd/Ctet, a lc = (yCtet (Formula 6) 



30 



are set to be different values between a portion close to feeding ends in a 
screen and a portion away therefrom. 

It is preferable that the fourth display apparatus includes a video 
signal driving circuit for simultaneously applying two kinds of video signals 
35 having different polarities to a plurality of video signal electrodes, and 

applying two kinds of video signals having different polarities to each of the 
video signal electrodes in accordance with a display period. 
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Furthermore, it is preferable that the fourth display apparatus 
includes a first common electrode that opposes, via the display medium, pixel 
electrodes of pixels belonging to a video signal electrode to which a video 
signal with a first polarity is applied among a plurality of pixels belonging to 
5 one of the scanning electrodes, and a second common electrode that is 

different from the first common electrode and opposes, via the display medium, 
the pixel electrodes of the pixels belonging to the video signal electrode to 
which the video signal with a second polarity is applied. 

Furthermore, it is preferable that the fourth display apparatus 
f| 10 includes a common electrode potential control circuit for applying a voltage 
signal to a plurality of common electrodes and a scanning signal driving 
circuit for applying a voltage signal to a plurality of scanning electrodes, and 
|J the common electrode potential control circuit has output potential levels of at 

Q least two values, and the scanning signal driving circuit has output potential 

SJSS8 

■fr 15 levels of at least two values. 

yg 

m In the fourth display apparatus, it is preferable that a potential of a 

scanning electrode becomes a first potential level when the scanning 
electrode is selected and becomes substantially a second potential level V goff 
O during a retention period in which the scanning electrode is not selected, 

W 20 among common electrodes opposing pixel electrodes of a plurality of 

y pixels belonging to the scanning electrode via a display medium, 

p a potential of the first common electrode becomes a first potential level 

V c (+) in a case where a polarity of a video signal applied to a video signal 
electrode corresponding to the first common electrode is positive and a second 
25 potential level V c (-) in a case where the polarity of the video signal is negative, 
when the scanning electrode is selected, 

a potential of the second common electrode becomes a first potential 
level V c (+) in a case where a polarity of the video signal applied to the video 
signal electrode corresponding to the second common electrode is positive and 
30 a second potential level V c (-) in a case where the polarity of the video signal is 
negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level V c (+) of 
the common electrode and a potential during a subsequent retention period is 
represented by AV C (+), and a difference between the second potential level 
35 V c (-) of the common electrode and a potential during a subsequent retention 
period is represented by AV e (-), 
y represented by 
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Y = ^icVep/2 (Formula 7) 

(where V cp = AV C (+) - AV C (-) (Formula 8)) 

5 is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion close thereto. 

In this case, it is preferable that, assuming that a value of y in the 
portion close to the feeding ends in the screen is y(0), a value of y in the 
portion away from the feeding ends in the screen is y(E), and a value of y in a 
10 portion in a middle therebetween in terms of a distance is y(M), y(M) is smaller 
than [y(0) + y(E)]/2. 

Furthermore, it is preferable that is negative. 
In the fourth display apparatus, it is preferable that a potential of a 
scanning electrode becomes a first potential level V gon when the scanning 
*F 15 electrode is selected and becomes substantially a second potential level V coff 
U| during a retention period in which the scanning electrode is not selected, 

among common electrodes opposing pixel electrodes of a plurality of 
pixels belonging to the scanning electrode via a display medium, 
P a potential of the first common electrode becomes a first potential level 

I W 20 V e (+) in a case where a polarity of a video signal applied to a video signal 
jjj electrode corresponding to the first common electrode is positive and a second 

O potential level V c (-) in a case where the polarity of the video signal is negative, 

when the scanning electrode is selected, 

a potential of the second common electrode becomes a first potential 
25 level V c (+) in a case where a polarity of the video signal applied to the video 
signal electrode corresponding to the second common electrode is positive and 
a second potential level V c (-) in a case where the polarity of the video signal is 
negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level V c (+) of 
30 the common electrode and a potential during a subsequent retention period is 
represented by AV C (+), and a difference between the second potential level 
V c (-) of the common electrode and a potential during a subsequent retention 
period is represented by AV C (-), 
P represented by 

P = oc gd + oc lc (AVJAVgJ (Formula 9) 

(where AV gon = V gon -V goff , AV^ = [AV e (+) + AV c (-)]/2 (Formula 10)) 



fy 



35 
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is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion close thereto. 

In this case, it is preferable that, assuming that a value of P in the 
portion close to the feeding ends in the screen is p(0), a value of P in the 
portion away from the feeding ends in the screen is (3(E), and a value of 3 in a 
portion in a middle therebetween in terms of a distance is p(M), P(M) is larger 
than [p(O) + p(E)]/2. 

Furthermore, it is preferable that AV^ is negative. 

In the fourth display apparatus, it is preferable that a potential of a 
scanning electrode becomes a first potential level V gon when the scanning 
electrode is selected and becomes substantially a second potential level V goff 
during a retention period in which the scanning electrode is not selected, 

among common electrodes opposing pixel electrodes of a plurality of 
pixels belonging to the scanning electrode via a display medium, 

a potential of the first common electrode becomes a first potential level 
V c (+) in a case where a polarity of a video signal applied to a video signal 
electrode corresponding to the first common electrode is positive and a second 
potential level V c (-) in a case where the polarity of the video signal is negative, 
when the scanning electrode is selected, 

a potential of the second common electrode becomes a first potential 
level V c (+) in a case where a polarity of the video signal applied to the video 
signal electrode corresponding to the second common electrode is positive and 
a second potential level V c (-) in a case where the polarity of the video signal is 
negative, when the scanning electrode is selected, 

in a case where a difference between the first potential level V c (+) of 
the common electrode and a potential during a subsequent retention period is 
represented by AV C (+), and a difference between the second potential level 
V c (-) of the common electrode and a potential during a subsequent retention 
period is represented by AV C (-), 

y represented by 



is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion close thereto, and 



y = a lc VJ2 

(where = AV C (+) - AV C (-) 



(Formula 7) 
(Formula 8)) 



P represented by 



P = oc gd + a lc (AVJAV^J (Formula 9) 

(where AV^ = V gon - V &off , AV^ = [AV C (+) + AV c (-)]/2 (Formula 10)) 

5 

is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion close thereto. 

In the first and second display apparatuses, the display medium is 
liquid crystal. 

10 In this case, the first and second display apparatuses have a 

configuration forming a parallel plate capacitance in which a liquid crystal 
layer is interposed between the pixel electrodes and the counter electrode. 
|| In the third and fourth display apparatuses, the display medium is 

Q liquid crystal. 

15 In this case, the common electrodes are formed on the same substrate 

as that of the pixel electrodes, and the liquid crystal is operated by an electric 
field parallel to the substrate. 

In the first to forth display apparatuses, it is preferable that at least 
one of the capacitances forming C tot includes a capacitance formed by two 
ffJ 20 conductive layers or semiconductor layers sandwiching an insulating layer 
therebetween, and an overlapping area of the two conductive layers or 



£3 semiconductor layers is made different between the portion close to the 

" • feeding ends in the screen and the portion away therefrom, whereby oc sfc or <x le , 

and a gd are allowed to have different values between the portion close to the 
25 feeding ends in the screen and the portion away therefrom. 

In order to achieve the above-mentioned object, a first method for 
driving a display apparatus of the present invention is a method for driving 
the first or second display apparatus, wherein after a potential is written to 
the pixel electrodes via the switching elements, a voltage is superimposed via 
30 C sfc and has a value different between the portion close to the feeding ends in 
the screen and the portion away therefrom. 

In the first driving method, it is preferable that, when a scanning 
electrode is selected, a first potential level V c (+) is applied to common 
electrodes that are connection destinations of storage capacitance connected to 
35 pixel electrodes of a plurality of pixels belonging to the scanning electrode in a 
case where a polarity of a video signal is positive, and a second potential level 
V c (-) is applied thereto in a case where a polarity of the video signal is 
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negative. 

In order to achieve the above-mentioned object, a second method for 
driving a display apparatus of the present invention is a method for driving a 
third or fourth display apparatus, wherein after a potential is written to the 
5 pixel electrodes via the switching elements, a voltage is superimposed via C sfc 
and has a value different between the portion close to the feeding ends in the 
screen and the portion away therefrom. 

In the second driving method, it is preferable that, when a scanning 
electrode is selected, a first potential level V c (+) is applied to common 
10 electrodes opposing pixel electrodes of a plurality of pixels belonging to the 
scanning electrode via a display medium in a case where a polarity of a video 
signal is positive, and a second potential level V c (-) is applied thereto in a case 
jjj' where a polarity of the video signal is negative. 

p In order to achieve the above-mentioned object, a fifth display 

*P 15 apparatus of the present invention conducts a display by controlling a voltage 

s.ft 

m applied to a display medium with a potential of pixel electrodes and applying 

y t 

00 voltages with both positive and negative polarities to the display medium, 

Is I 

2~ wherein a capacitive coupling voltage is superimposed on the pixel 

P electrodes from electrodes other than pixel electrodes, and a distribution of 

|W 20 the capacitive coupling voltage is made different in a display region between a 
ly case where a positive voltage is applied to the display medium and a case 

S where a negative voltage is applied thereto. 

pa i 

■ v In the fifth display apparatus, the electrodes other than the pixel 

electrodes are common electrodes. 

25 In order to achieve the above-mentioned object, a sixth display 

apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes, video signal electrodes; common electrodes; a counter electrode; a 
display medium interposed between the pixel electrodes and the counter 

30 electrodes; and storage capacitance formed between the pixel electrodes and 
the common electrodes, 

wherein a capacitive coupling voltage from the scanning electrode, 
and a capacitive coupling voltage from the common electrode are allowed to 
have a distribution in a screen, whereby flickering and a brightness gradient 

35 are corrected simultaneously. 

In order to achieve the above-mentioned object, a seventh display 
apparatus of the present invention includes: a plurality of pixel electrodes 
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arranged in a matrix; switching elements connected thereto; scanning 
electrodes, video signal electrodes; common electrodes; a display medium 
interposed between the pixel electrodes and the common electrodes; and 
storage capacitance formed between electrodes, other than the common 
electrodes opposing the pixel electrodes via the display medium and the 
scanning electrodes of the stage concerned, and the pixel electrodes, 

wherein a capacitive coupling voltage from the scanning electrode, 
and a capacitive coupling voltage from the common electrode are allowed to 
have a distribution in a screen, whereby flickering and a brightness gradient 
are corrected simultaneously 

In order to achieve the above-mentioned object, an eighth display 
apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes, video signal electrodes; common electrodes; a counter electrode; a 
display medium interposed between the pixel electrodes and the counter 
electrode; and storage capacitance formed between the pixel electrodes and 
either of the common electrodes, 

wherein a plurality of the common electrodes that are connection 
destinations of the storage capacitance are connected to the pixel electrodes of 
a plurality of pixels belonging to one of the scanning electrodes. 

In order to achieve the above-mentioned object, a ninth display 
apparatus of the present invention, includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes, video signal electrodes; common electrodes; and a display medium 
interposed between the pixel electrodes and the common electrodes, 

wherein a plurality of the common electrodes oppose the pixel 
electrodes of a plurality of pixels belonging to one of the scanning electrodes 
via the display medium. 

In order to achieve the above-mentioned object, a first display element 
of the present invention includes: a plurality of pixel electrodes arranged in a 
matrix; switching elements connected thereto; scanning electrodes; video 
signal electrodes; common electrodes; a counter electrode; a display medium 
interposed between the pixel electrodes and the counter electrode; and storage 
capacitance formed between the pixel electrodes and the common electrodes, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C gd , a common electrode - pixel electrode capacitance between 
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the pixel electrodes and the common electrodes is represented by C st , and a 
total capacitance connected electrically to the pixel electrodes is represented 

by c^, 

a gd and a st represented by 

= (VC^ a st = Crt/Ctot (Formula 1) 

are set to be different values between a portion close to feeding ends in a 
screen and a portion away therefrom. 

In order to achieve the above-mentioned object, a second display 
element of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a counter electrode; a 
display medium interposed between the pixel electrodes and the counter 
electrode; and storage capacitance formed between the pixel electrodes and 
either of the common electrodes, a plurality of the common electrodes that are 
connection destinations of the storage capacitance being connected to the pixel 
electrodes of a plurality of pixels belonging to one of the scanning electrodes, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C gd , a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by C st , and a 
total capacitance connected electrically to the pixel electrodes is represented 

by C tot , 

cc gd and a st represented by 

<V = CW/C^ a st = C st /C tot (Formula 1) 

are set to be different values between a portion close to feeding ends in a 
screen and a portion away therefrom. 

In order to achieve the above-mentioned object, a third display 
element of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a display medium 
interposed between the pixel electrodes and the common electrodes; and 
storage capacitance formed between electrodes, other than the common 
electrodes opposing the pixel electrodes via the display medium and the 
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scanning electrodes of the stage concerned, and the pixel electrodes, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C gd , a common electrode - pixel electrode capacitance between 
5 the pixel electrodes and the common electrodes is represented by C lc , and a 
total capacitance connected electrically to the pixel electrodes is represented 

by c^, 

a gd and a lc represented by 

j : 10 a gd = (ye*, a to = CVC tot (Formula 6) 

are set to be different values between a portion close to feeding ends in a 
screen and a portion away therefrom. 

Q 

q In order to achieve the above-mentioned object, a fourth display 

*P 15 element of the present invention includes: a plurality of pixel electrodes 

arranged in a matrix; switching elements connected thereto; scanning 
00 electrodes; video signal electrodes; common electrodes; a display medium 

m interposed between the pixel electrodes and the common electrodes; and 

m storage capacitance formed between electrodes, other than the common 

fV 20 electrodes opposing the pixel electrodes via the display medium and the 
j „ i scanning electrodes of the stage concerned, and the pixel electrodes, a 

£3 plurality of the common electrodes opposing the pixel electrodes of a plurality 

of pixels belonging to one of the scanning electrodes via the display medium, 
wherein, in a case where a scanning electrode - pixel electrode 
25 capacitance between the pixel electrodes and the scanning electrodes is 

represented by C gd , a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by C lc , and a 
total capacitance connected electrically to the pixel electrodes is represented 
by C tofc , 

30 oc gd and a lc represented by 

= eye**, a lc = CJC^ (Formula 6) 

are set to be different values between a portion close to feeding ends in a 
35 screen and a portion away therefrom. 

In order to achieve the above-mentioned object, a tenth display 
apparatus of the present invention includes: a plurality of pixel electrodes 
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arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a counter electrode; a 
display medium interposed between the pixel electrodes and the counter 
electrodes; and storage capacitance formed between the pixel electrodes and 
the common electrodes, the scanning electrodes being supplied with a power 
only from one side of a display region, a potential of the common electrodes 
being fixed at least on a side opposite to the side where the scanning 
electrodes are supplied with a power in the display region, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scannin g electrodes is 
represented by C gd , a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by C st , and a 
total capacitance connected electrically to the pixel electrodes is represented 
by Ctat, 

when a value of a gd represented by 

a gd = Crf/C,* (Formula 101) 

in a portion furthest from feeding ends of the scanning electrodes in a display 
region is oc^CF), there is a position where the value of a gd becomes larger than 
a gd (F) between the portion furthest from the feeding ends of the scanning 
electrodes in the display region and a portion closest thereto. 

In order to achieve the above-mentioned object, an eleventh display 
apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a display medium 
interposed between the pixel electrodes and the common electrodes; and 
storage capacitance formed between electrodes, other than the common 
electrodes opposing the pixel electrodes via the display medium and the 
scanning electrodes of the stage concerned, and the pixel electrodes, the 
scanning electrodes being supplied with a power only from one side of a 
display region, a potential of the common electrodes being fixed at least on a 
side opposite to the side where the scanning electrodes are supplied with a 
power in the display region, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C gd , a common electrode - pixel electrode capacitance between 
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the pixel electrodes and the common electrodes is represented by C lc , and a 
total capacitance connected electrically to the pixel electrodes is represented 
by C^, 

when a value of a gd represented by 

a gd =C gd /C tot (Formula 101) 



in a portion furthest from feeding ends of the scanning electrodes in a display 
region is a gd (F), there is a position where the value of oc gd becomes larger than 
10 oc gd (F) between the portion furthest from the feeding ends of the scanning 
electrodes in the display region and a portion closest thereto, 
jag In the first to fourth display apparatuses, it is preferable that a 

common electrode potential is different between a retention period after the 

C3 

q pixel electrodes are charged with a positive video signal and a retention period 

4* 15 after the pixel electrodes are charged with a negative video signal. 
JpJ Furthermore, in the first to fourth display apparatuses, it is 

09 preferable that the scanning signal driving circuit conducts writing to a 

w plurality of lines simultaneously. 

p In this case, the display medium is liquid crystal of an OCB mode. 

Pf 20 Furthermore, in the first to fourth display apparatuses, it is 

jL§ preferable that the scanning signal driving circuit and the common electrode 

13 potential control circuit are formed on the same substrate as that of the 

1 y switching elements. 

Furthermore, in the first to fourth display apparatuses, it is 
25 preferable that the display medium is composed of a medium whose optical 
state is controlled with a current and auxiliary switching elements. 

In this case, the medium whose optical state is controlled with a 
current is an organic electroluminescence medium. 

According to the above-mentioned configuration, flickering or a 
30 brightness gradient can be reduced substantially in an active matrix type 
liquid crystal display apparatus. Furthermore, the above-mentioned 
configuration enables a pixel configuration of a dot inversion/column inversion 
type to be adopted, which suppresses horizontal crosstalk. 

Thus, the driving voltage/power consumption of a large liquid crystal 
35 display apparatus with high resolution is reduced to substantially enhance 
uniformity, so that an industrial value is very high. 
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Brief Description of Drawings 

Figure 1 shows plan views of a pixel layout of a display apparatus of a 
first embodiment according to the present invention. 

Figure 2 is a cross-sectional view taken along a line A- A' in Figure 1. 

Figure 3 is a circuit configuration diagram of the display apparatus of 
the first embodiment according to the present invention. 

Figure 4 shows plan views of a pixel layout of a display apparatus of a 
second embodiment according to the present invention. 

Figure 5 is a circuit configuration diagram of the display apparatus of 
the second embodiment according to the present invention. 

Figure 6Ais a waveform diagram of an odd-numbered frame, 
illustrating a method of driving the display apparatus of the second 
embodiment according to the present invention by dot inversion driving. 

Figure 6B is a waveform diagram of an even -numbered frame, 
illustrating a method of driving the display apparatus of the second 
embodiment according to the present invention by dot inversion driving. 

Figure 7Ais a waveform diagram of an odd-numbered frame, 
illustrating a method of driving the display apparatus of the second 
embodiment according to the present invention by column inversion driving. 

Figure 7B is a waveform diagram of an even -numbered frame, 
illustrating a method of driving the display apparatus of the second 
embodiment according to the present invention by column inversion driving. 

Figure 8 is a circuit diagram of one pixel of a display apparatus of a 
fourth embodiment according to the present invention. 

Figure 9 shows plan views of a pixel layout of the display apparatus of 
the fourth embodiment according to the present invention. 

Figure 10 is a cross-sectional view taken along a line A-A ? in Figure 9. 

Figure 11 is a circuit configuration diagram of the display apparatus 
of the fourth embodiment according to the present invention. 

Figure 12 shows plan views of a pixel layout of a display apparatus of 
a fifth embodiment according to the present invention. 

Figure 13 is a circuit configuration diagram of the display apparatus 
of the fifth embodiment according to the present invention. 

Figure 14 is a circuit diagram of one pixel of a display apparatus of the 
prior art and that of the first embodiment according to the present invention. 

Figure 15 is a waveform diagram illustrating a method for driving a 
display apparatus of the prior art and that of the first embodiment according 
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to the present invention. 

Figure 16A shows a polarity pattern of pixels and a scanning signal 
waveform in a field inversion system. 

Figure 16B shows a polarity pattern of pixels and a scanning signal 
5 waveform in a line inversion system. 

Figure 16C shows a polarity pattern of pixels and a scanning signal 
waveform in a column inversion system. 

Figure 16D shows a polarity pattern of pixels and a scanning signal 
waveform in a dot inversion system, 
j 10 Figure 17 is a waveform diagram illustrating that a recharge voltage 

is different between portions close to feeding ends and a portion away 
therefrom. 

N 5 Figure 18 is a view illustrating the relationship of the magnitude of a 

B 

i»i recharge voltage. 

45 15 Figure 19 A shows an example of a method for providing a distribution 

^ of p in a screen. 

jjjj Figure 19B shows an example of a method for providing a distribution 

W of p in a screen. 

q Figure 19C shows an example of a method for providing a distribution 

20 of P in a screen. 

Figure 19D shows an example of a method for providing a distribution 
of P in a screen. 

Figure 20A shows an example of a method for providing a distribution 
of y in a screen. 

25 Figure 20B shows an example of a method for providing a distribution 

of y in a screen. 

Figure 20C shows an example of a method for providing a distribution 
of y in a screen. 

Figure 20D shows an example of a method for providing a distribution 
30 of y in a screen. 

Figure 2 1 is a model circuit diagram for considering the optimum 
distribution of P and y. 

Figure 22 is a circuit diagram of the model circuit in Figure 21 on a 
constituent element level. 
35 Figure 23 is a graph showing changes in a voltage with time at each 

nodal point in the model circuit in Figure 21. 

Figure 24 is a graph showing a distribution of a recharge voltage in a 



30 



screen obtained by model calculation. 

Figure 25Ais a graph showing another example of a method for 
providing a distribution of p in a screen. 

Figure 25B is a graph showing another example of a method for 
providing a distribution of p in a screen. 

Figure 26Ais a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 26B is a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 26C is a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 26D is a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 26E is a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 26E' is a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 27 is a circuit diagram of one pixel in another example of a 
display apparatus of the present invention. 

Figure 28Ais a waveform diagram of an odd-numbered frame, 
illustrating a method for driving a display apparatus of another embodiment 
according to the present invention. 

Figure 28B is a waveform diagram of an even-numbered frame, 
illustrating a method for driving a display apparatus of another embodiment 
according to the present invention. 

Figure 29Ais a waveform diagram of an odd-numbered frame, 
illustrating another method for driving a display apparatus of another 
embodiment according to the present invention. 

Figure 29B is a waveform diagram of an even-numbered frame, 
illustrating another method for driving a display apparatus of another 
embodiment according to the present invention. 
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Figure 30 is a view illustrating a relationship in magnitude of a 
recharge voltage in a p-channel TFT. 

Figure 31 is a pixel constituent diagram in the case where the present 
invention is applied to a display apparatus using an organic 
electroluminescence element. 

Figure 32 is a view showing a range of Aoc gd and Aoc st capable of 
reducing a brightness gradient and flickering in the case where Aoc^ = a gd (E) - 
a gd (0) and Aa st = a st (E) - a st (0). 

Figure 33Ais a view showing an optimum distribution of C sfc and in 
a display region obtained by simulation. 

Figure 33B is a view showing an optimum distribution of C st and C sd in 
a display region obtained by simulation. 

Figure 33C is a view showing an optimum distribution of C st and in 
a display region obtained by simulation. 

Figure 33D is view showing an optimum distribution of C st and in 
a display region obtained by simulation. 

B e s t M ode for Carrying Out the Invention 
(Analysis of the problems of the prior art) 

Before describing specific examples of the embodiments of the present 
invention, as described in the Background Art, the results of analyzing the 
causes of the first problem in which flickering and a brightness gradient 
become conspicuous along with an increase in a screen size will be described. 

Hereinafter, unless otherwise specified, it is assumed that a scanning 
signal (driving signal applied to a scanning electrode) and a common electrode 
control signal are supplied from both sides of a screen. Portions close to 
feeding ends of scanning electrodes (and common electrodes) in a screen, i.e., 
both end portions of a screen, will be referred to as "portions close to feeding 
ends", and the center of the screen will be referred to as "a portion away from 
the feeding ends". 

First, a phenomenon of a recharge that must be considered for 
discussing the problem will be described. 

As an example, the case will be considered where a potential is shifted 
from Vg^ to V goff after a scanning electrode is selected in Figure 15. In the 
portions close to the feeding ends, a voltage is changed rapidly, whereas in the 
portion away from the feeding ends, a waveform is distorted due to a CR time 
constant of the scanning electrode, and the movement of a potential becomes 
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smooth (it is assumed that the movement of the potential of the scanning 
electrode will be completed substantially by the time V c changes from V c (±) to 
V^. The waveforms of the potential of the scanning electrode in the 
portions close to the feeding ends and the portion away therefrom are drawn 
5 as represented by V g in Figure 17. The potential V d of a pixel electrode is 
substantially equal to a video signal voltage V sig (+) or V sig (-) at a time of 
completion of charging (Figure 17 shows the case of V aff (+)); however, the 
potential V d of the pixel electrode fluctuates along with changes in V g due to 
the capacitive coupling by C gd of the circuit in Figure 14. A change amount 
10 AV a of V d involved in capacitive coupling when V g changes from V gon to V goff is 
represented by the following Formula (15) irrespective of a distance from the 
feeding ends. 



AV a = -(C gd /C tot )(V gon -V g J 
5 15 where C tet = + + C st 

% (Formula 15) 

hi 

W The voltage change amount AV a will be referred to as a feedthrough. 

k This voltage value is substantially the same value irrespective of the polarity 

[if 20 of a video signal. 

A TFT is not turned OFF immediately when the potential of the 

§ scanning electrode falls, and the TFT is turned OFF when the potential of the 

U scanning electrode passes a switching threshold value (potential higher than 

the potential of the video signal electrode by a threshold voltage) (the TFT is 
25 turned OFF by the time when the potential of the video signal electrode starts 
shifting toward a scanning period voltage). Thus, a current flows through 
the TFT so as to compensate for the potential difference between the video 
signal electrode-pixel electrode (source-drain of the TFT) generated due to a 
feedthrough during a finite period (represented by T G or T e in Figure 17) from 
30 a time when the scanning electrode potential starts falling to a time when the 
scanning electrode potential passes the switching threshold value. Therefore, 
the absolute value of an actual change amount of the pixel electrode potential 
becomes smaller than | AV a I . When the voltage difference caused by the flow 
of a current through the TFT is represented by AV b , the change amount of the 
35 pixel electrode potential becomes AV a + AV b . Figure 17 also shows a state of a 
change in the pixel electrode potential V d . The waveform of V g becomes 
smoother with increased distance from the feeding ends of the scanning signal 
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driving circuit, and a time required for the TFT to be turned OFF becomes 
long. Therefore, AV b is increased with a distance from the feeding ends. A 
current flowing through the TFT will be referred to as a recharge current, and 
a voltage difference AV b caused by this will be referred to as a recharge 
voltage. 

The above-mentioned switching threshold value becomes different 
between an even-numbered frame (the case where a video signal with a 
positive polarity is charged) and an odd-numbered frame (the case where a 
video signal with a negative polarity is charged). The level of the switching 
threshold value when the potential of the scanning electrode shifts from V gon 
to V goff is drawn with respect to a positive polarity and a negative polarity as 
shown in Figure 18. Based on this, regarding the portions close to the 
feeding ends and the portion away therefrom, a time required for the TFT to 
be turned OFF, i.e., a period (corresponding to To or Te) for a recharge to be 
generated is represented for each polarity as in a bar graph. The length of a 
bar graph substantially corresponds to the magnitude of a recharge current, 
i.e., the magnitude of a recharge voltage. Therefore, assuming that recharge 
voltages in the case of a positive polarity and a negative polarity in the 
portions close to the feeding ends are represented by AV b (O, +) and AV b (0), 
and recharge voltages in the case of a positive polarity and a negative polarity 
in the portion away from the feeding ends are represented by AV b (E, +) and 
AV b (E), it is understood that there is the following (Formula 16) relationship. 

AV b (0,+)<AV b (E,+) 
AV b (0)<AV b (E) 

AV b (0, +) - AV b (0) > AV b (E, +) - AV b (E) 

(Formula 16) 

For the purpose of reference, although the falling waveform of the 
potential of the scanning electrode is set to be the same between the even- 
numbered frame and the odd-numbered frame for simplicity, the falling 
waveform may not necessarily be the same. In particular, considering 
nonlinearity (a source-drain capacitance or a gate-drain capacitance when the 
TFT is in an ON state becomes larger than that when the TFT is in an OFF 
state), an apparent capacitance becomes larger when the video signal has a 
negative polarity. Thus, the CR time constant of the falling of the potential of 
the scanning electrode becomes large, and falling may become slow. However, 
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even in such a case, the relationship of (F ormula 16) still holds. 

Next, the relationship between flickering and a brightness gradient, 
and a recharge voltage will be described mathematically. Values V do (0, +), 
V do (0), and V do (E, +), V do (E) of the retention potential of the pixel electrode in 
the portions close to and the portion away from the feeding ends can be 
represented by (Formula 17) with the above-mentioned effect of a recharge 
added to (Formula 12). 

V d0 (0, +) = V slg (+) - cc st AV c (+) - agd AV gon +AV b (0, +) 
V d0 (0) = V sig (-) - a st AV 0 (-) - c^AV^ + AV b (0) 
V do (E, +) = V sig (+) - a st AV c (+) - otgaAV^ + AV b (E, +) 
V d0 (E) = V slg (-) - a st AV c (-) - o^AV^ + AV b (E) 

(Formula 17) 

When the DC average level V de (0) and V do (E) of the potential of the 
pixel electrode in the portions close to and the portion away from the feeding 
ends and the effective value of a voltage applied to liquid crystal V^O) and 
V eft (E) are calculated in (Formula 17), (Formula 18) is obtained. 

v dc (0) = [v do (o, +) + v d0 (0)]/2 = ry Elg (+) + v slg (-)]/2 - c^av. - o^av^ + 

[AV b (0,+) + AV b (0)]/2 

V eff (0) = \VJQ, +) - V do (0)]/2 = [V sig (+) - V sig (-)]/2 - a*V„/2 + [AV b (0, +) 
-AV b (0)]/2 

V dc (E) = [V d0 (E, +) + V d0 (E)]/2 = [V slg (+) + V sig (-)]/2 - a^AV, - agd A gon + 
[AV b (E,+)+AV b (E)]/2 

V eff (E) = [V d0 (E, +) - V d0 (E)]/2 = [V slg (+) - V slg (-)]/2 - a^/2 + [AV b (E, +) 
-AV b (E)]/2 

(Formula 18) 

AVee and are given by the following (Formula 19). 

AV ra = [AV c (+) + AV c (-)]/2 

= [Vc(+) + V c (-)]/2-V ooff 
V cp =AV c (+)-AV c (-) 
= V e (+)-V c (-) 

(Formula 19) 
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The DC average level V dc (0) and V dc (E) given by the first and third 
formulae of (Formula 18) represent voltage values that eliminate flickering. 
More specifically, if the potential of the counter electrode is matched with the 
voltage values represented by the first and third formulae of (Formula 18), a 
time average value of a voltage applied to liquid crystal becomes 0, whereby 
flickering is eliminated. However, because of (Formula 18) and (Formula 16), 
the relationship represented by the following (Formula 20) is obtained, and 
the DC average level has different values in a screen (the DC average level is 
larger in the portion away from the feeding ends than in the portions close 
thereto). Therefore, it is impossible to eliminate flickering simultaneously 
across the entire screen. 

V dc (E) - V dc (0) = [AV b (E, +) + AV b (E)]/2 - [AV b (0, +) + AV b (0)]/2 > 0 

(Formula 20) 

On the other hand, V eff given by the second and fourth formulae of 
(Formula 17) corresponds to an effective value of a voltage applied to liquid 
crystal, and the liquid crystal exhibits a brightness (transmittance) 
corresponding to the effective value. However, because of (Formula 18) and 
(Formula 16), the relationship represented by the following (Formula 21) is 
obtained, and the effective value of a voltage applied to liquid crystal also has 
a distribution (gradient) (the effective value is smaller in the portion away 
from the feeding ends than in the portions close thereto) across a screen. 

V eff (E) - V e£f (0) = [AV b (E, +) - AV b (E)]/2 - [AV b (0, +) - AV b (0)]/2 < 0 

(Formula 21) 

The reasons for the occurrence of flickering and a brightness gradient 
due to the distribution of a recharge voltage in a screen have been described 
as above. 

When a screen size becomes large, the distance from the feeding ends 
of the portion away therefrom becomes large naturally. Then, the difference 
in the above-mentioned recharge voltage AV b between the portion away from 
the feeding ends and the portions close thereto becomes large, increasing 
flickering and a brightness gradient. 

Furthermore, in the case where the screen size is large, an influence 
by the fluctuation in the potential of the common electrode is not negligible. 
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More specifically, when the potential of the scanning electrode changes from 
V gon to V g0 & the potential of the pixel electrode decreases due to a feedthrough. 
Simultaneously with this, the potential of the common electrode also 
decreases due to the capacitive coupling between the scanning electrode and 
the common electrode created by C gd and C sfc in Figure 14. The potential 
decrease is small in the portions close to the feeding ends of the common 
electrode, whereas it is large in the portion away from the feeding ends of the 
common electrode. When the potential of the common electrode decreases, 
the potential of the pixel electrode further decreases along therewith. Then, 
compared with the case where it is assumed that the potential of the common 
electrode does not change at all, a larger recharge current flows toward the 
pixel electrode. Thus, the retention potential of the pixel electrode in the 
portion away from the feeding ends becomes much larger than that in the 
portions close to the feeding ends, which makes the problems such as a 
brightness gradient and flickering more conspicuous. 

(Description 1 of the principle of the present invention: Principle of a 
reduction in a brightness gradient/flickering) 

The above-mentioned analysis was conducted, and means for 
ehminating a brightness gradient and flickering was found. This is the 
content of the present invention, and the values of a st and are allowed to 
have a gradient in a screen. Hereinafter, the principle thereof will be 
described. 

Now, it is assumed that ot st and a gd are not constant in a screen (more 
specifically, at least one of C gd , C st , and C lc is not constant). It is assumed that 
a st and a sd in portions close to the feeding ends are a st (0) and oc gd (0), and a st 
and oc gd in a portion away from the feeding ends are a st (E) and a gd (E). Herein, 
"O" denotes the portions close to the feeding ends, and "ET denotes a portion 
away from the feeding ends. 

In the case where the portions close to the feeding ends and the 
portion away from the feeding ends are charged positively and negatively, 
when Formula 17 is applied, four formulae (Formula 22) are obtained. 
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V d0 (0, +) = - a st (0)AV c (+) 

-a gd (0)AV gon + AV b (0,+) 
V*,(0, -) = V S]g (-) - a st (0)AV c (-) 

- a gd (0)AV gon + AV b (0, -) 
V do (E, +) = V slg (+) - a st (E)AV c (+) 

-a gd (E)AV gon + AV b (E,+) 
V do (E, -) = V sig (-) - a sl (E)AV 0 (-) 

- a gd (E)AV gOD + AV b (E, -) 

(Formula 22) 

Herein, for example, the notation of V do (j, ±)(j = O or E) refers to an 
amount during positive charge (+) or negative charge (-) at a position j (j = O 

portions close to the feeding ends, j = E -» portion away from the feeding 
ends). This also applies to V sig (±) and AV b (j, ±). 

In the case of the prior art, the value of AV b varies between the 
portions close to the feeding ends and the portion away from the feeding ends. 
Therefore, V do also varies, which causes flickering and a brightness gradient. 
According to the present invention, by changing the two respective values of 
a st and a gd independently, it is attempted to correct the difference in the value 
of AV b . When DC average levels V dc (0) and V do (E) and the liquid crystal 
application voltage effective value V eff (0) and V eff (E) are calculated by 
(Formula 22) in the same way as in (Formula 17) and (Formula 18), the 
following (Formula 23) holds. 

V d0 (0) = [V d0 (0, +) + V d0 (0, -)]/2 

= [V sig (+) + V sig (-)]/2 - ct st (0)AV cc - a^AV^ + [AV b (0, +) 
+ AV b (0,-)]/2 
V eff (O) = [V do (0,+)-V do (0,-)]/2 

= [V slg (+)-V slg (-)]/2-a st (0) 
V cp /2 + [AV b (0, +) - AV b (0, -)]/2 
V dc (E) = [V do (E, +) + V do (E, -)]/2 

= [V slg (+) + V slg (-)]/2 - a^AV,. 

- (vCEDAV^ + [AV b (E, +) + AV b (E, -)]/2 
V^) = tV do (E, +) - V d0 (E, -)]/2 
= [V sig (+)-V SJg (-)]/2-a Et (E) 
V^/2 + [AV b (E, +) - AV b (E, -)]/2 

(Formula 23) 
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When the difference AV eff of the liquid crystal application voltage effective 
value at the portions close to the feeding ends and the portion away from the 
feeding ends is calculated, (Formula 24) holds. 

AV eff = V e£f (E)-V eff (0) 

= - [a st (E) - aJQWcfi + [AV b (E, +) - AV b (E, -) - AV b (0, +) 
+ AV b (0,-)]/2 

= - EKE) - y(0)] + [AV b (E, +) _ AV b (E, -) - AV b (0, +) + AV b (0, -)]/2 

(Formula 24) 

where y(0) and y(E) are given by the following (F ormula 25): 

Y (0) = 0^(0)^/2 
y(E) = a st (E)V op /2 

(Formula 25) 

When the difference AV do of the DC average levels is calculated, the following 
(Formula 26) holds. 

AV dc = V DC (E)-V DC (0) 

= - [a st (E) - a^OlAV^ - [a gd (E) - oc gd (0)]AV gon + [AV b (E, +) 

+ AV b (E, -) - AV b (0, +) - AV b (0, -)]/2 
= - [p(E) - p(0)]AV gon + [AV b (E, +) + AV b (E, -) - AV b (0, +) 
-AV b (0,-)]/2 

(Formula 26) 

where P(0) and P(E) are given by the following (Formula 27): 

p(0) = 0^(0) + ^(OXAVJAVpJ 
0(E) = a gd (E) + c^CEXAVJAV^ 

(Formula 27) 

In order to eliminate a brightness gradient completely, AV^ = 0 only 
needs to be satisfied in (Formula 24), and the relationship between y(0) and 
y(E) may be selected so as to satisfy the following (Formula 28): 
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y(E)-y(0) 

= [AV b (E, +) - AV b (E, -) - AV b (0, +) + AV b (0, -)]/2 

(Formula 28) 
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According to the third formula of (Formula 16), the right side of 
(Formula 28) is negative, so that the relationship between y(0) and y(E) may 
be as represented by (Formula 29). 

y(0) > y(E) (Formula 29) 

In order to eliminate flickering completely, AV dc = 0 only needs to be 
satisfied in (Formula 26), and the relationship between (3(0) and P(E) only 
h* needs to be selected so as to satisfy the following (Formula 30): 

% 15 [(3(E) - PCOJAV^ 

| = [AV b (E, +) + AV b (E, -) - AV b (0, +) - AV b (0, -)]/2 

(Formula 30) 

W 

q According to the first and second formulae of (Formula 16), the right 

lU 20 side of (Formula 28) is positive, and AV gon also is positive. Therefore, the 
^ relationship between p(0) and P(E) only needs to satisfy the following 

(Formula 31): 



fU 



p(0) < 3(E) (Formula 3 1) 
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By selecting y and p conveniently as described above, flickering and a 
brightness gradient can be eliminated. 

In summary, the conditions for ehminating a brightness gradient and 
flickering with an array configuration as shown in Figure 14 can be described 
30 as follows: 

[1] Necessary conditions for ehminating a brightness gradient: 

The value of y is smaller in the portion away from the feeding ends in 
a screen, compared with the portions close thereto. 

[2] Necessary conditions for ehminating flickering] 
35 The value of P is larger in the portion away from the feeding ends in a 

screen, compared with the portions close thereto. 

In the above, suffixes O and E are omitted. 
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It may be possible that only the necessary conditions [1] are satisfied, 
and the necessary conditions [2] are not satisfied. In the case of this 
configuration, although a brightness gradient is eliminated, flickering is not 
eliminated. As a method for ehminating flickering actively under these 
conditions, it is considered to correct ahead of time the video signal generated 
in a video signal driving circuit. This means that an excess signal processing 
circuit is added, which increases cost. 

In contrast, it also may be possible that only the necessary conditions 
[2] are satisfied and the necessary conditions [1] are not satisfied. In the case 
of this configuration, although flickering is eliminated, a brightness gradient 
is not eliminated. As a method for ehminating a brightness gradient actively 
under these conditions, it is considered to correct ahead of time a video signal 
generated in a video signal driving signal. This case also means that an 
excess signal processing circuit is added, which increases cost. 

Most desirably, both the necessary conditions [1] and [2] are satisfied. 
In this case, a video of high quality without flickering and a brightness 
gradient can be obtained without adding an excess signal processing circuit 
for correcting a video signal ahead of time, so that both low cost and high 
quality can be satisfied. 

In the case where p and y (or oc st and a gd ) are set to be different values 
between the portions close to the feeding ends and the portion away therefrom, 
it is required to change these values independently. Therefore, it is desirable 
that ot st and ct^ are varied by setting at least two of capacitance values C st , C^, 
and (in other words, capacitance values constituting C tot ) contributing to a sfc 
and a gd between the portions close to the feeding ends and the portion away 
therefrom. 

Actually, for example, in the case where C gd and C lc are set to be 
constant, and only C sfc is set to have different values between the portions close 
to the feeding ends (the value of C st is assumed to be C st (0)) and the portion 
away therefrom (the value of C st is assumed to be C st (E)) to satisfy C st (0) < 
C st (E), 06^(0) > a gd (E) and a st (0) < a st (E) are satisfied according to (Formula 
14). Under this condition, in the case where V^, < 0 and AV^ < 0 (it will be 
described later as a supplement that these conditions are desirable), y(0) > 
y(E) is obtained from (Formula 25), and p(0) > J3(E) is obtained from (Formula 
27). In this case, although (Formula 29) is satisfied, (Formula 31) is not 
satisfied. Thus, although a brightness gradient reduction effect is obtained, 
a flickering reduction effect cannot be obtained. 
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In contrast, in the case of C st (0) > C st (E), the relationships y(0) < y(E) 
and (3(0) < P(E) are obtained. More specifically, although (Formula 31) is 
satisfied, (Formula 29) is not satisfied. Thus, although a flickering reduction 
effect is obtained, a brightness gradient reduction effect cannot be obtained. 
5 Furthermore, this also applies to, for example, the case where C st and C lc are 
set to be constant, and only is varied. There is no problem when C st and 
are set to be constant, and only C lc is varied. 

A more detailed description will be provided regarding the above. 
Now, assuming that Aa gd = a gd (E) - a gd (0), and Aa st = a st (E) - a st (0), the range 
10 of Aa gd and Aa st satisfying both (Formula 29) and (Formula 31) can be 

represented by a hatched portion in Figure 32 (assuming the case of < 0, 
AV^ < 0). In contrast, in the case where C gd and C lc are set to be constant, and 
H 8 only C st is varied between the portion away from the feeding ends and the 

ipj portions close thereto (C sfc (0) ^ C st (E)), Aa gd and Aa st can be represented by 

J 15 (Formula 46). 

in 

gg Aa gd = a gd (E) - a gd (0) 

W = C gd /(C gd + C lc + C st (E)) - CJiC* + C lc + C st (0)) 

q = " C gd [C st (E) - C st (0)]/[(C gd + C lc + C st (E))(C gd + C lc + C st (0))] 

| 20 Aa st = a st (E)-a st (0) 

= C st (E)/(C gd + C lc + C st (E)) - C st (0)/(C gd + C lc + C st (0)) 
= (C gd + C lc )[C st (E) - C st (0)]/[(C gd + C lc + C sfc (E))(C gd + C lc + C st (0))] 
rU (Formula 46) 

25 Thus, it is understood that there is a relationship of (Formula 47) 

between Acc gd and Aoc st . 

Aoc gd /Aa sfc = -0^/(0^ + CJ (Formula 47) 

30 Furthermore, in the case where C st and C lc are set to be constant, and 

only C gd is varied between the portion away from the feeding ends and the 
portions away therefrom (C gd (0) * C^CE)), a relationship of (Formula 48) can 
be obtained similarly. 

35 Aa gd /Aoc st = -C st /(C st + C J (Formula 48) 

The right sides of (Formula 47) and (Formula 48) have negative values. 
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Therefore, when these relationships axe added to Figure 32, a straight line 
passing through an origin and having a negative slope can he obtained 
(excluding an origin) in both cases. Therefore, the straight line of (Formula 
47) or (Formula 47) does not have a portion in common with the hatched 
region. More specifically; this shows that in the case of varying only C st or 
only C gd , both a flickering reduction effect and a brightness gradient reduction 
effect cannot be satisfied. 

(Principle 2 of the present invention: Optimum distribution of P and y) 

The portions close to the feeding ends and the portion away therefrom 
have been used as representative points in the above. However, various 
change patterns of y and p can be considered at each position across a screen. 
Figure 19 shows some examples regarding p, and Figure 20 shows some 
examples regarding y. In each graph, the horizontal axis represents a 
horizontal position in a screen, and the vertical axis represents a value of p or 
y. O, E, and M on the horizontal axis represent a portion close to the feeding 
ends, a portion away from the feeding ends, and a portion in the middle 
therebetween in terms of distance, respectively. As shown in Figure 19A or 
20A, a pattern that changes linearly can be considered most easily. 
Furthermore, as shown in Figure 19B or 20B, a non-linear change also may be 
considered. Alternatively, as shown in Figure 19C or 20C, a change in stages 
also may be considered. Alternatively, as shown in Figure 19D or 20D, a 
combination of a constant portion and a portion with a slope also may be 
considered. In any case, the values of P and y in the portion close to the 
feeding ends and in the portion away from the feeding ends satisfy (Formula 
31) and (Formula 29). Thus, in any case, the effects of the present invention 
can be obtained. 

In particular, as shown in Figures 19B, 19D, 20B, and 20D, it is 
desirable that P represents an upward convex trend between the portion close 
to the feeding ends and the portion away therefrom, and y represents a 
downward convex trend between the portion close to the feeding ends and the 
portion away therefrom. The reason for this will be described below. 

Scanning electrodes can be considered as wires having an RC 
distribution circuit constant. Figure 21 shows scanning electrodes 
schematically, using 5-stage RC circuits, where the total capacitance between 
the portion close to the feeding ends and the portion away therefrom is 
represented as C, and the resistance thereof is represented as R. This 
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assumes that a region between the portion close to the feeding ends of the 
scanning electrodes and the portion away therefrom is divided equally into 
five sections, and each of the sections represented by a unit RC circuit as 
shown in Figure 22 is connected to each other. Assuming that the length 
between the portion close to the feeding ends of the scanning electrodes and 
the portion away therefrom is L, node potentials V g O, V g l, V g 2, V g 3, V g 4, V g 5, 
and V g E in the figure correspond to potentials at positions with a distance 
from the feeding ends of 0 (portion close to the feeding ends), L/10, 3L/10, L/2, 
7L/10, 9L/10, and L (portion away from the feeding ends). The portion close 
to the feeding ends is supplied with a voltage by a scanning signal driving 
circuit. In Figure 21, V g 0 is a supply voltage of the scanning signal driving 
circuit, and R g is an internal impedance of the scanning signal driving circuit. 

Figures 19 and 20 show the case assuming that a voltage is supplied 
from both sides. Since the graphs in Figures 19 and 20 are symmetrical, only 
the left half or right half may be considered. In the case of the circuit model 
in Figure 21, only the left half of Figure 19 or 20 is considered. 

A change with time in each node potential when the potential of the 
scanning electrodes in the above-mentioned circuit falls (i.e., when V g O 
changes in the form of steps from an ON-level V gon to an OFF-level V^) can be 
solved by a circuit equation. Figure 23 shows the results obtained by 
actually conducting calculation of numerical values. Herein, it is assumed 
that the potential of the scanning electrodes V g 0 shifts from to at a 
time t = 0, and as an example, calculation is conducted with respect to the case 
of R g = R/9, V gon = 25 V, and V goff = 0 V. The horizontal axis is normalized with 
CR. 

Next, as in the prior art, assuming that the capacitance of C^, C st , C lc , 
and the like are constant irrespective of a position, how AV b changes with a 
position will be considered. The pixel configuration at each point is shown by 
the circuit in Figure 14, so that a change with time in a pixel electrode 
potential V d when the above-mentioned V g O, V g l, V g 2, ... are applied as V g (n) 
only needs to be tracked. When V c (n), V f , and V s are assumed to be constant 
potentials in such a circuit, a change with time in V d is represented by 
(Formula 32). 

Ids + C tofc • dV d /dt - • dV»/dt = 0 (Formula 32) 

Herein, C fcot = C gd + C gs + C lc . Furthermore, 1^ is a source-drain current of a 
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TFT, which is represented by (Formula 33) when ideal MOS characteristics 
are assumed. 



I* = k [{V g (n) - V s - VJ 2 - {V» - V d - VJ 2 ] 
5 (where V g (n) - V s > V t> V» - V d > V) 

I ds = k{V g (n)-V s -V t } 2 

(where V g (n) - V s > V t , V g (n) - V d < 
I ds = -k{V g (n)-V d -V t } 2 

(where V g (n) - V s < V b V g (n) - V d > 

10 I ds = 0 

(where V g (n) - V s < V t , V g (n) - V d < V) 



(Formvda 33) 



3 Herein, k is a constant representing a charge ability of a TFT, and V t 

j* 15 represents a threshold voltage of a TFT. The initial conditions of (Formula 
£ 32) are V d = V s , V g (n) = V gon at t = 0. Furthermore, after a sufficient time 

qj elapses (t = <»), V g (n) = V^, a TFT is in an OFF state, and 1^ = 0 (in the case of 

yj the fourth formula of (Formula 33)). Therefore, V d becomes a constant value 

(dV d /dt = 0 (t = qo) is obtained from (Formula 32)). The difference between the 
jffj 20 value of a final plateau V do of V d obtained by numerical calculation and the 
H value of a final plateau V do of V d in the absence of recharge, i.e., the value of 

mi V do when I ds = 0 always is satisfied in (Formula 32), i.e., V do = V s - (C gd /C to J(V &on 

jftj - V^, corresponds to a recharge voltage AV b . Figure 24 shows the results 

obtained by actually calculating the value of AV b , assuming that V t = 2 V, V s = 
25 6 V, 0^/0^ = 0.05, and k = 6 x 10" 9 ATV 2 , as an example. In this graph, a 
horizontal axis shows values normalized assuming that the portion close to 
the feeding ends is "Q", and the portion away from the feeding ends is "I". A 
vertical axis also shows values normalized assuming that AV b at the portion 
away from the feeding ends is "1". As is understood from this graph, a 
30 distribution of a recharge voltage has an upward convex shape. 

When there is such a distribution of a recharge voltage, the 
distribution of a DC average level of a pixel electrode and a liquid crystal 
application voltage effective value generated by the distribution of the 
recharge voltage also has a shape as shown in Figure 24 (in the liquid crystal 
35 application voltage effective value, as is presumed from the fact that the right 
side of (Formula 2 1) becomes negative, a graph of Figure 24 inverted upside 
down can be obtained. In the DC average level, the right side of (Formula 20) 
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is positive, so that a graph is not inverted upside down). Thus, it is desirable 
that the distributions of p and y for correcting flickering (caused by the 
distribution of a DC average level) and a brightness gradient (caused by the 
distribution of a liquid crystal application voltage effective value) has a shape 
similar to that in Figure 24. More specifically, it is desirable that p is set to 
be as shown in Figure 19B, and y is set to be as shown in Figure 20B (Figures 
19D and 20D may be possible). 

The above description will be considered paying attention to a position 
(hereinafter, simply referred to as an intermediate position) in the middle in 
terms of a distance between the portion close to the feeding ends and the 
portion away therefrom. Assuming that values of P and y at the portion close 
to the feeding ends are p(0) and y(O), the values thereof at the portion away 
from the feeding ends are P(E) and y(E), and the values thereof at an 
intermediate position are p(M) and y(M), as shown in Figures 19A and 20A, 
the values of p and y at the intermediate position in the case where a linear 
slope is provided are given by p(M) = [p(0) + p(E)]/2 and y(M) = [y(0) + y(E)]/2. 
Compared with this, in the case where the effects of reduction of flickering 
and a brightness gradient are obtained effectively, i.e., in the case as shown in 
Figures 19B, 20B, 19D, and 20D, the following relationship of (Formula 34) is 
satisfied. 

P(M) > [p(0) + p(E)]/2 
y(M)<[y(0) + y(E)]/2 

(Formula 34) 

The first formula of (Formula 34) is a conditional expression regarding 
flickering, and the second formula is a conditional expression regarding a 
brightness gradient. 

If only (Formula 34) is satisfied when (Formula 29) and (Formula 31) 
are satisfied, the above-mentioned effects of a reduction in flickering and a 
brightness gradient can be obtained sufficiently. For example, as shown in 
Figures 25A and 25B, p may not always increase monotonically with respect 
to a distance from the feeding ends, and in a more extreme case, as shown in 
Figure 25A, p(M) may exceed p(E). However, even in these cases, the effects 
of a reduction in flickering and a brightness gradient can be obtained. This 
also applies to y. 
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(Supplementary item 1 regarding the principle: and A^ 

A supplementary description will be made with respect to of 
(Formula 19). If the third term regarding recharge is ignored since it is very 
small, and a^V^ is assumed to be negative in the formula regarding of 
(Formula 18) and (Formula 23), an effective value of a voltage applied to 
liquid crystal becomes a value larger than a video signal amplitude tV slg (+) - 
V sig (-)]/2. This corresponds to the following: an advantage in which a voltage 
(e.g., 10 to 15 V) equal to or higher than a withstand voltage can be applied to 
liquid crystal, using a video signal driving IC with a low withstand voltage 
(e.g., about 5 V), as described in the Background Art. Therefore, it is 
desirable that a^V^ is negative. Since a st is a capacitance ratio and is always 
positive, it is desirable that V cp is negative. 

Furthermore, a supplementary description will be made with respect 
to AV CC of (Formula 19). If the third term regarding recharge is ignored since 
it is very small in (Formula 18) and (Formula 23) regarding V dc , by satisfying 
the following (Formula 35), a DC average level [V sig (+) + V sig (-)]/2 of a video 
signal can be matched with a DC average level V dc (0) or V dc (E) of a pixel 
electrode. 

AV^ = -(a gd /a st )AV gon (Formula 35) 

Because of the above, a d.c. voltage component is not supplied between a video 
signal electrode and a pixel electrode, and unnecessary ions can be suppressed 
from being generated in liquid crystal and an insulating film. Therefore, 
stability with time can be enhanced. Since AV gon? a^, and a st are positive, it is 
desirable that AV CC is negative. Even if (Formula 35) is not satisfied, if at 
least AV CC is negative, a voltage difference between a DC average level [V slg (+) 
+ V slg (-)]/2 of a video signal and a DC average level V dc (0) or V dc (E) of a pixel 
electrode can be reduced, and the above-mentioned effects can be obtained to 
some degree. 

(Supplementary item 2 regarding the principle: method for supplying a power 
of scanning electrodes and common electrodes) 

Next, a supplementary description will be made with respect to a 
method for supplying a power of scanning electrodes and common electrodes. 
In (analysis of the problems of the prior art), it is described that a recharge 
current (recharge voltage) increases due to the fluctuation in a potential of 
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common electrodes. It also is described that this influence is small in the 
portions close to the feeding ends of the common electrodes, whereas it is large 
in the portion away from the feeding ends. Thus, the in-plane distribution of 
a recharge voltage depends slightly on a method for supplying a power of the 
5 common electrodes, as well as a method for supplying a power of the scanning 
electrodes. Now, for example, the following five combinations of methods for 
supplying power by the scanning electrodes and the common electrodes are 
considered. 

(A) The scanning electrodes and the common electrodes supply power 
10 from both sides (in the above description, this case is assumed). 

(B) The scanning electrodes supply power from both sides, and the 
# common electrodes supply a power from one side. 

I** (C) The scanning electrodes supply power from one side, and the 

f| common electrodes supply a power from both sides. 

^ 15 (D) The scanning electrodes and the common electrodes supply power 

Jp from one side (from the same side). 

m (E) The scanning electrodes and the common electrodes supply power 

W from one side (from different sides). 

p (In addition, for example, power may be supplied alternately from 

fill 20 both sides of every other line, and power may be supplied from the left side in 
the upper half of a screen and from the right side in the lower half thereof. 
These cases are applicable to any of the above-mentioned (A) to (E), if one line 
is considered.) 

Regarding the above-mentioned (A) to (E), Figures 26Ato 26E show a 
25 predicted in-plane distribution (distribution in a horizontal direction) 

representing how a recharge voltage AV b is generated. In these figures, G 
represents a scanning electrode, and C represents a common electrode. A 
portion with a square mark (□) represents a feeding end. A curve 
represented by a broken line shows a recharge voltage in the case where 
30 fluctuations in a potential of the common electrode are not considered, and a 
curve represented by a solid line shows a recharge voltage in the case where 
fluctuations in a potential of the common electrode are considered. In the 
case where the fluctuations in a potential of the common electrode are not 
considered, a recharge voltage exhibits an arched curve when the scanning 
35 electrode is supplied with a power from both sides ((A), (B)), and exhibits a 

semi-arched curve when the scanning electrode is supplied with a power from 
one side ((C), (D), (E)). When the fluctuations in a potential of the common 
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electrode are considered, AV b is loaded by the corresponding amount. The 
loaded amount at this time becomes small at the portion close to the feeding 
ends of the common electrode, and becomes large at the portion away from the 
feeding ends. In the case of (E), due to the AV b distribution generated only by 
5 the scanning electrode and the amount loaded depending upon the effect of 
fluctuations in a potential of the common electrode, as shown in Figure 26E, 
there may be the case in which AVb is smaller in the feeding ends of the 
scanning electrode, compared with the feeding ends of the common electrode, 
and the case in which AVb is smaller in the feeding ends of the common 
10 electrode, compared with the feeding ends of the scanning electrode as shown 
in Figure 26E\ 

In order to obtain the effect of reduction in a brightness gradient and 
flickering according to the present invention most effectively, it is most 
desirable to provide a distribution to p and y (more exactly, I y I ) in accordance 
15 with the shape of AV b in Figures 26A to 26E (more specifically, so that a 

brightness gradient and flickering generated by AV b are corrected). However, 
it is not necessarily required to provide such a distribution over the entire 
screen. 

Hereinafter, regarding each case of (A) to (E), the relationship with 

20 respect to the expression of the present invention will be described. First, in 
(A) to (E), end portions of a screen to which at least one of a scanning electrode 
and a common electrode is supplied with a power will be referred to as 
"portions close to the feeding ends). More specifically, in all the cases 
excluding (D), both ends of the screen become "portions close to the feeding 

25 ends" (represented by a mark "O" in Figure 26). In only (D), only one end 

portion becomes a "portion close to the feeding ends". In the cases other than 
(D), the vicinity of the center of the screen will be referred to as a "portion 
away from the feeding ends (represented by a mark "E"). In the case of (D), 
the end portion not supplied with a power becomes a "portion away from the 

30 feeding ends". The position represented by a mark "M" in the figure is a 

portion corresponding to the middle between the "portion close to the feeding 
ends" and the "portion away from the feeding ends" in terms of a distance. 

In the cases other than (D), there are two "portions close to the feeding 
ends". When a certain value (a^, a st , etc.) has different values between the 

35 portion close to the feeding ends and the portion away from the feeding ends, 
this means that a value of at least one of a plurality of "portions close to the 
feeding ends" is different from a value of a "portion away from the feeding 
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ends". Furthermore, when a certain value (p, y, etc.) is 'larger (smaller) in a 
portion away from the feeding ends, compared with the portions close to the 
feeding ends", this means that a value of the "portion away from the feeding 
ends" is larger (smaller) than the value of at least one of a plurality of 
"portions close to the feeding ends". 

Based on the above-mentioned interpretation, it is understood from 
Figures 26A to 26E ? that the relationship of (Formula 16) holds in any case. 
Therefore, what is described in (Description 1 of the principle of the present 
invention: Principle of a reduction in a brightness gradient/flickering) is fully 
applicable. 

The first and second formulae of (Formula 16) can be understood 
easily if V b (0, +), V b (0, -), and V b (E, +), V b (E, -) are replaced by V b in Figures 
26A to 26E\ Regarding the third formula, as is understood from Figure 18, if 
it is considered that a recharge voltage is much larger in the case of negative 
charge than in the case of positive charge, a magnitude correlation between 
V b (0, +) - V b (0, -) and V b (E, +) - V b (E, -) may be considered to be the same as 
that between -V b (0, -) and -V b (E, -). It is considered that the third formula 
also holds since the second formula holds. 

Furthermore, curves of AV b in Figures 26Ato 26E' have an upward 
convex shape. Therefore, what is described in (Principle 2 of the present 
invention: Optimum distribution of p and y) is fully applicable. 

(Supplementary item 3 regarding the principle: Another circuit configuration) 

The above description is predicated on each pixel having the 
configuration in Figure 14. However, the storage capacitance of each pixel 
also is connected to wiring other than a common electrode. For example, as 
shown in Figure 27, the storage capacitance may be connected to a scanning 
electrode (in this figure, an example of the previous stage) other than the 
stage concerned. In this case, if the potential of a scanning electrode of the 
previous stage is V g (n-1), and storage capacitance connected thereto is C st 2, 
the formula of conservation of charge corresponding to (Formula 11) is given 
by (Formula 36). 
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C gd (V slg (-) - V^) + C st (V sig (-) - V c (-)) + C lc (V slg (-) - V f ) + C st 2(V slg (-) - V goff ) 
= C gd (V do (-) - V goff ) + C st (V do (-) - V cofl ) + C lc (V do (-) - V f ) + C st 2(V d0 (~) - V goff ) 
C gd (V slg (+) - V gon ) + C st (V sig (+) - V c (+» + C lc (V slg (+) - V f ) + C st 2 (V slg (+) - V gofi ) 
= C gd (V d0 (+) - V gofl ) + C st (V do (+) - + C lc (V d0 (+) - V f ) + C st 2(V do (+) - Vgoff ) 

(Formula 36) 

Herein, when a scanning electrode V g (n) is selected, V g (n-1) has already been 
selected. Therefore, the potential is V goff . When (Formula 36) is modified, 
(Formula 37) is obtained. 
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V do (-) = V sig (-) - a st AV c (-) - agd AV gon 
V do (+) = V sig (+) - a st AV c (+) - agd AV gon 
|* (Formula 37) 

3 15 Herein, AV gon , AV C (+), and AV C (-) are represented by (Formula 13), and and 
JD a st are represented by the following (Formula 38): 

a st = Ggt/Ctot 

fU 20 C tot = C gd +C lc +C st +C st 2 

j 8 * (Formula 38) 

Ly 

FU When the above-mentioned results are compared with Formulae 12 to 14 in 

the circuit of Figure 14, there is only a difference in that C st 2 is added to the 
25 formula of C tot . Therefore, as long as consideration is given to the fact that 
C tot is different, the principle and supplementary items of the present 
invention described in the above are folly applicable. 

Depending upon the case, the following also may be considered: the 
values of a st and a gd are made different by making the value of C st 2 different 
30 between the portion close to the feeding ends and the portion away from the 
feeding ends, whereby the effects of the present invention are obtained. 

Even if the connection destination of C st 2 is a scanning electrode in the 
previous stage, that in a second from the previous stage, that in a third from 
the previous stage, that in a second from the subsequent stage, that in a third 
35 from the subsequent stage, or the like, the same effects can be obtained. 

If is further generalized and considered to be a "total of the entire 
capacitance connected electrically to pixel electrodes", including Figures 14 
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and 27, the description and supplementary items regarding the principle of 
the present invention are all applicable. 

Hereinafter, a display apparatus constituted by using the above- 
mentioned principle will be described with reference to the drawings. 

(Embodiment 1) 

Figure 1 is a plan view showing a pixel layout of a display apparatus 
of the first embodiment according to the present invention. Figure 2 is a 
cross-sectional view taken along a line A-A' in Figure 1. 

In Figures 1 and 2, reference numerals 11 and 12 denote substrates 
made of glass or the like. Reference numeral 11 denotes an array substrate 
on which thin film transistors 3 (also called TFTs or switching elements) and 
electrodes connected thereto are formed, and reference numeral 12 denotes a 
counter substrate opposing the array substrate. Liquid crystal 13 is 
interposed between two substrates as a display medium, and both ends of the 
substrates are sealed with a seal 17. Reference numerals 14 and 15 denote 
polarizing plates for conducting a polarization display, and 19 denotes a color 
filter for conducting a color display. Although the color filter 19 is formed on 
the counter substrate 12 side, it may be formed on the array substrate 11 side. 

Scanning electrodes 1 and common electrodes 4 are formed of a first 
conductive layer on the array substrate 11, and an insulating film 18 covers 
these electrodes. A pixel electrode 5 is formed of a second conductive layer on 
the insulating film 18. As shown in Figure 2, a part of the pixel electrode 
overlaps the common electrode 4. An overlapping portion with the common 
electrode 4 constitutes a storage capacitor 7 (i.e., common electrode - pixel 
electrode capacitance C st ). Furthermore, an overlapping portion of the pixel 
electrode 5 and the scanning electrode 1 constitutes a scanning electrode - 
pixel electrode capacitance C gd . 

As shown in Figure 2, a transparent electrode 20 is formed on the 
counter substrate 12. The transparent electrode 20 and the pixel electrode 5 
oppose each other via liquid crystal 13 as a display medium, thereby forming a 
liquid crystal capacitance C lc . Herein, it is assumed that liquid crystal is TN 
(twisted nematic) liquid crystal. 

The thin film transistor 3 is composed of a semiconductor portion 9 
and three electrodes. Gate electrodes are connected to the scanning 
electrodes 1, source electrodes are connected to video signal electrodes 2, and 
drain electrodes are connected to pixel electrodes 5. 
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Figure 3 is a circuit configuration diagram of a display apparatus of 
the first embodiment according to the present invention. There are provided 
a common electrode - pixel electrode capacitance C st , a scanning electrode - 
pixel electrode capacitance C gd , and a liquid crystal capacitance C lc in one pixel 
so as to correspond to Figures 1 and 2. When one pixel alone is considered, 
the circuit configuration in Figure 3 is the same as that in Figure 14. Such 
pixels are arranged in a matrix, whereby a display apparatus is constituted. 
Furthermore, in the display apparatus, the video signal electrodes 2 are 
connected to a video signal driving circuit 22, the scanning electrodes 1 are 
connected to the scanning signal driving circuit 21, and the common 
electrodes 4 are connected to a common electrode potential control circuit 26. 
Reference numeral 23 denotes a display element excluding the driving 
circuits. 

In Figure 3, portions close to feeding ends and a portion away from the 
feeding ends are shown. A pixel layout in each portion is as shown in Figure 
1. The display apparatus of the present embodiment is characterized in that 
C sfc and C gd have different shapes between the portion close to the feeding ends 
and the portion away therefrom, and a capacitance value itself also is 
different (area of the capacitor is different). Because of this, as described in 
(Description 1 of the principle of the present invention: Principle of a 
reduction in a brightness gradient/flickering), a brightness gradient and 
flickering can be reduced. 

The effects of the present invention can be obtained most 
conspicuously when the following three conditions are satisfied: 

(1) The video signal driving circuit is capable of applying two kinds of 
video signals with different polarities (i.e., positive and negative video signals 
based on the potential of the counter electrode, corresponding to V sig (+) and 
V sig (~) in Figure 15) to video signal electrodes in accordance with a display 
period. 

(2) The scanning signal driving circuit is capable of applying an output 
potential level with at least two values (V gon and in Figure 15). 

(3) The common electrode potential control circuit is capable of 
applying an output potential level with at least two values (V c (+) and V c (-) in 
Figure 15). 

In (Figure 1), C gd (0) < C gd (E), C st (0) < C st (E) (this relationship is 
obtained from the relationship in magnitude of an area of an overlapping 
portion). However, as an example, assuming that C gd (0) = 0.020 pF, C st (0) = 
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0.100 pF, C lc (0) = 0.100 pF, C gd (E) = 0.030 pF, C st (E) = 0.130 pF, and C lc (E) = 
0.100 pF, the above-mentioned conditions can be satisfied (the capacitance 
may be calculated from an area, a film thickness, and a dielectric constant, or 
may be obtained by actual measurement). 
5 In this case, when a gd (0), a st (0), and a^CE), a st (E) are calculated by 

(Formula 14), a^O) = 0.091, a sfc (0) = 0.455, a gd (E) = 0.115, a st (E) = 0.500. 
Assuming that driving conditions are AV gon = 20 V, AV^ = -3 V, and = -10 V, 
y(O), y(E), and p(O), P(E) are obtained by (Formula 25) and (Formula 27), and 
y(0) = -2.275 V, y(E) = -2.5 V, and p(0) = 0.023, p(E) = 0.040 are obtained, 
10 respectively. More specifically, it is understood that (Formula 29) and 

(Formula 31) are satisfied, and the effect of reduction in a brightness gradient 
and flickering can be obtained. 

Needless to say, what is described in (Principle 2 of the present 
invention: Optimum distribution of P and y), (Supplementary item 1 regarding 
Jp 15 the principle: and AJ, (Supplementary item 2 regarding the principle: 
fi method for supplying a power of scanning electrodes and common electrodes), 

jp and (Supplementary item 3 regarding the principle: Another circuit 

W configuration), as well as ((Description 1 of the principle of the present 

q invention: Principle of a reduction in a brightness gradient/flickering) is all 

fU 20 applicable. 

^ For reference, the results obtained from simulation conducted by 

applying specific numerical values to parameters such as a capacitance in the 
present embodiment are shown in Figures 33Ato 33D. In this simulation, an 
equivalent circuit of the entire display region is composed with a circuit 
25 simulator, and a DC average level (V dc ) and a liquid crystal application voltage 
effective value (V ef£ ) at each position in the display region are calculated. The 
driving voltage conditions are = 10 V, V goff = -15 V, AV C (+) = -7.5 V, AV C (-) = 
2.5 V, V si& (+) = 2.5 V, V s% (-) = -2.5 V (therefore, < 0, AV^ < 0 are satisfied), 
and it is assumed that a power is supplied only from the left side of a display 
30 region in both the scanning signal driving circuit and the common electrode 
potential control circuit. 

First, a curve marked with "no capacitance gradient" in each figure 
represents calculated results in the case where a distribution in a display 
region is not given to C st , C^, or C lc . Herein, C st = 0.7 pF, = 0.07 pF, and C lc 
35 = 0.75 pF over the entire display region. Figure 33A shows a state of 
distribution of C st , and Figure 33B shows a state of distribution of C gd 
("normalized horizontal position" on the horizontal axis refers to a value 
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obtained by normalizing a distance from the left end of a display region by a 
display region width, and the left end and the right end correspond to "0" and 
"1"). Figures 33C and 33D show the results for a DC average level and a 
liquid crystal application voltage effective value. ADC average level is larger 
in the portion away from the feeding ends (normalized horizontal position = 1), 
compared with the portions close to the feeding ends (normalized horizontal 
position = 0). A liquid crystal application voltage effective value is smaller in 
the portion way from the feeding ends (normalized horizontal position = 1), 
compared with the portions close to the feeding ends (normalized horizontal 
position = 0). These results are as shown by (Formula 20) and (Formula 2 1). 
Furthermore, the shapes in Figures 33C and 33D are similar to that in Figure 
24. 

Next, the case where a DC average level and a liquid crystal 
application voltage effective value are uniform in a plane by giving an 
optimum distribution in a display region to C sfc and C gd (making C lc constant) 
will be shown as "capacitance gradient" in each figure. Herein, C st and C gd 
are selected so as to be matched with the values in the case of "no capacitance 
gradient) on the left end (normalized horizontal position = 0). It is 
understood that if the value of C st is allowed to have a gradient of 0.7 pF (left 
end) to 0.745 pF (right end) as in Figure 33A, and the value of C^ is allowed to 
have a gradient of 0.070 pF (left end) to 0.082 pF (right end) as in Figure 33B, 
a DC average level and a liquid crystal application voltage effective value 
become almost flat as in Figure 33C or 33D (a distribution width is within 10 
mVin any case). 

If (Formula 25), (Formula 27), and the like are used at this time, p(0) 
= 0 < p(E) = 0.0048, y(0) = -2.303 V > y(E) = -2.363 V are obtained, which 
shows that the conditions of (Formula 29) and (Formula 31) are satisfied. 
Furthermore, capacitance values in the middle (normalized horizontal 
position = 0.5) between the portion close to the feeding ends and the portion 
away therefrom are read to be C sfc = 0.732 pF and C gd = 0.0785 pF, respectively, 
from Figures 33A and 33B. If p(M) and y(M) described in (Principle 2 of the 
present invention: Optimum distribution of (3 and y) are determined from the 
above capacitance values, P(M) = 0.0034 and y(M) = -2.345 V are obtained, 
which shows that the condition of (Formula 34) also is satisfied. 

(Embodiment 2) 

In Embodiment 2 of the present invention, the configuration that 
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reduces horizontal crosstalk and lowers a voltage of a video signal driving 
circuit IC will be described with reference to Figures 4 and 5. 

Figure 4 is a plan view showing a pixel layout of a display apparatus 
of the second embodiment according to the present invention. The 
configuration in Figure 4 basically follows the pixel layout in Figure 1. In 
Figure 4, pixels are inverted in the vertical direction per column. In this 
layout, in order not to disturb the symmetry in the vertical direction, a 
common electrode 4 is disposed in the middle between two scanning electrodes 
1. An insulating film 18 (not shown) is interposed between the pixel 
electrode and the common electrode to form a storage capacitor 7 (C st ). 

Figure 5 is a circuit configuration diagram of a display apparatus of 
the second Embodiment according to the present invention. Basically, this 
also is the same as that in Figure 3. However, pixels are inverted in the 
vertical direction per column, corresponding to the layout in Figure 4. What 
is important here is that storage capacitance connected to (a plurality of) pixel 
electrodes of pixels belonging to one scanning electrode (e.g., G x ), (ON/OFF of 
which is controlled by the scanning electrode G 2 ), are connected to two 
common electrodes (C 0 and that are the other connection destinations. 
Furthermore, the circuit configuration of the second embodiment also is 
characterized in that pixels belonging to one scanning electrode (e.g., are 
present in different stages between the even-number column and the odd- 
number column (note: this is not necessarily a required configuration of the 
present invention). 

When such a configuration is used, dot inversion driving and column 
inversion driving also can be adopted, as well as line inversion driving (in the 
first embodiment, only line inversion or field inversion is adopted). This will 
be described with reference to Figures 5, 6A, and 6B, exemplifying dot 
inversion. 

Figures 6A and 6B are waveform diagrams of an odd-number frame 
and an even-number frame for illustrating a method for driving a display 
apparatus of the second embodiment according to the present invention by dot 
inversion driving. The case will be considered in which signals with different 
polarities are applied to video signal electrodes S a (and S 3 , S 5 , S n , ...) and S 2 
(and S 4 , S 6 , S n+1 , ...) in an odd-number frame as shown in Figure 6A. Now, 
for example, in a horizontal scanning period (1H period) in which the scanning 
electrode G t is selected, a positive signal V sl& (+) and a negative signal V slg (-) 
are applied to S x and S 2 in Figure 5, respectively At this time, in a column 



56 



G 



in 



belonging to S x (more exactly, a column belonging to a video signal electrode 
including S x to which a positive video signal is applied), an upper pixel of G 1 
(referred to as a "pixel P*) is in an ON state, and in a column belonging to S 2 
(more exactly, a column belonging to a video signal electrode including S 2 to 
5 which a negative video signal is applied), a lower pixel of G x (referred to as a 
"pixel Q") is in an ON state. 

Herein, the common electrodes that are connection destinations of 
storage capacitance of the pixels P and Q are C 0 and C 1? respectively (these 
electrodes will be referred to as the first common electrode and the second 
10 common electrode, based on G^. These electrodes are separate ones, so that 
they can be set at different potentials, i.e, C 0 (first common electrode) is set to 
be V c (+) (corresponding to the state where the pixel P is charged positively), 
ji* and C 1 (second common electrode) is set to be V c (-) (corresponding to the state 

where the pixel P is charged negatively). When the pixel P or Q is seen alone, 
15 the relationship of potentials among a video signal electrode, a scanning 
electrode, and a common electrode is the same as that in Figure 15, which 
m shows that the effect of an increase in an amplitude of a pixel electrode 

m potential as described in the Background Art with reference to Figures 14 and 

L 15 can be obtained. Herein, the case has been described in which G x is 

fy 20 selected. However, if the case where G 0 or G 2 is selected is considered 
J* similarly, it is understood that the potential waveform of each common 

q electrode should be set as shown in Figure 6A. This also applies to the even- 

fll number frame shown in Figure 6B, in which only the polarities of signals of a 

video signal electrode and a common electrode are reversed. 
25 The above description also applies to the case of column inversion. 

When considered in the same way as in Figures 6A and 6B, it is understood 
that by setting the potential waveform of a common electrode as shown in 
Figures 7 A and 7B, the effect of an increase in an amplitude of a pixel 
electrode potential as described in the Background Art with reference to 
30 Figures 14 and 15 can be obtained. 

As described above, in the present embodiment, dot inversion or 
column inversion driving, which is a driving method advantageous with 
respect to horizontal crosstalk, is adopted, and the effect of an increase in an 
amplitude of a pixel electrode retention potential can be obtained. Thus, the 
35 reduction in horizontal crosstalk and the decrease in a voltage of a video 

signal driving circuit IC can be achieved. More specifically, the second object 
among the previously described two objects can be achieved. 
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It should be noted that the above-mentioned effect (reduction in 
horizontal crosstalk and decrease in a voltage of a video signal driving circuit 
IC) can be obtained irrespective of the provision of a distribution of a sfc and oc^ 
in a screen as described in (Description 1 of the principle of the present 
invention: Principle of a reduction in a brightness gradient/flickering). 

(Embodiment 3) 

According to the above-mentioned second embodiment, the effect of an 
increase in an amplitude of a pixel electrode retention potential as described 
in JP 5(1993)-143021 can be obtained with dot inversion driving or column 
inversion driving in the configurations of Figures 4 and 5. If this is allowed 
to proceed further, it is apparent that what is described in (Description 1 of 
the principle of the present invention: Principle of a reduction in a brightness 
gradient/flickering), (Principle 2 of the present invention: Optimum 
distribution of p and y), (Supplementary item 1 regarding the principle: 
and A cc ), (Supplementary item 2 regarding the principle: method for supplying 
a power of scanning electrodes and common electrodes), and (Supplementary 
item 3 regarding the principle: Another circuit configuration) is adopted as it 
is, and predetermined effects such as a reduction in flickering, a decrease in a 
brightness gradient, and the like can be obtained. 

Actually, the layout in Figure 4 shows the case where C st (0) < C st (E) 
andC gd (0)<C gd (E). 

As a postscript, it is desirable that the video signal driving circuit be 
designed for dot inversion or column inversion. More specifically, it is 
desirable that two kinds of video signals with different polarities can be 
applied simultaneously to a plurality of video signal electrodes, and for each 
video signal electrode, two kinds of video signals with different polarities can 
be applied in accordance with a display period (depending upon whether a 
frame is an odd-number frame or an even-number frame). 

Furthermore, regarding common electrodes, based on a certain 
scanning electrode, the number of common electrodes that are the other 
connection destinations of storage capacitance connected to pixel electrodes 
belonging to the scanning electrode is two (first and second common electrodes 
in the above description). The number of common electrodes to be connected 
is not necessarily two, and it may be three or more. However, if there are 
provided two common electrodes in accordance with the polarity of a video 
signal, driving can be conducted most effectively at timings in Figures 6A and 
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6B, or Figures 7A and 7B, which is desirable. 

In Figure 4, pixels in an even-number column and pixels in an odd- 
number column are completely symmetrical. However, considering the 
influence of a shift of mask alignment and asymmetry regarding a scanning 
direction, capacitance values (C gd , C st , and the like) of these pixels may be 
made different between the even-number column and the odd-number 
column. 

In the case where signals with two polarities are applied 
simultaneously to a plurality of scanning electrodes, signals with opposite 
polarities are applied alternately on the column basis (more specifically, 
alternately between an even-number column and an odd-number column) in 
dot inversion and column inversion. However, this is not necessarily 
required. For example, each polarity may be arranged at every other 
columns or at random. 

In Figures 4 and 5, pixels corresponding to two polarities are inverted 
in the vertical direction. However, the present invention is not limited 
thereto. More specifically, there may be a method for changing only the 
connection destinations (common electrodes) of storage capacitance in 
accordance with the polarity of a video signal electrode in the configuration 
shown in Figure 1 or 3. In this case, in addition to the problem of asymmetry 
of the configuration, wiring for connecting storage capacitance crosses other 
scanning electrodes in a layout, which generates an excess capacitance, 
leading to crosstalk. Thus, this is not desirable. 

(Embodiment 4) 

In the fourth embodiment of the present invention, a display 
apparatus using liquid crystal in an In Plane Switching (IPS) mode will be 
described with reference to Figures 9 and 10. 

Figure 9 is a plan view showing a pixel layout of a display apparatus 
of the fourth embodiment according to the present invention. Figure 10 is a 
cross-sectional view taken along a line A- A' in Figure 1. 

In Figures 9 and 10, reference numerals 11 and 12 denote substrates 
made of glass or the like. Reference numeral 11 denotes an array substrate 
on which thin film transistors and electrodes connected thereto are formed, 
and reference numeral 12 denotes a counter substrate opposing the array 
substrate. Liquid crystal 13 is interposed between two substrates, and both 
ends thereof are sealed with a seal 17. Reference numerals 14 and 15 denote 
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polarizing plates for conducting a polarization display, and 19 denotes a color 
filter for conducting a color display. Although the color filter is formed on the 
counter substrate 12 side, it may be formed on the array substrate 11 side. 

On the array substrate 11, scanning electrodes 1 and common 
electrodes 4 are formed of a first conductive layer, and an insulating film 18 
covers these electrodes. A pixel electrode 5 is formed of a second conductive 
layer on the insulating film 18. As shown in Figure 10, the pixel electrode 5 
overlaps the scanning electrode 1 of the previous stage. The overlapping 
portion with the scanning electrode 1 constitutes a storage capacitor 7 (C st ). 
Furthermore, the overlapping portion of the pixel electrode 5 and the 
scanning electrode 1 of the stage concerned constitutes a scanning electrode - 
pixel electrode capacitance C gd . 

As shown in Figure 9, the common electrode 4 is provided with a 
branched portion 4A The branched portion 4A opposes the pixel electrode 5 
in parallel, and works as a counter electrode for applying an electric field to a 
liquid crystal layer. The capacitance between the pixel electrode 5 and the 
common electrode 4 constitutes a common electrode - pixel electrode 
capacitance C lc . The capacitance between the pixel electrode 5 and the 
common electrode 4 includes both a capacitance via the liquid crystal layer 
and a capacitance formed by both electrodes that overlap each other 
geometrically. Although it is difficult to calculate the capacitance via the 
liquid crystal layer by using a mathematical formula or the like, it may be 
obtained by actual measurement or simulation. 

The thin film transistor 3 is composed of a semiconductor portion 9 
and three electrodes. Gate electrodes are connected to the scanning 
electrodes 1, source electrodes are connected to video signal electrodes 2, and 
drain electrodes are connected to pixel electrodes 5. 

Figure 11 shows a circuit configuration of a display apparatus of the 
present embodiment using liquid crystal in an IPS mode. In Figure 11, a 
unit pixel configuration shown in Figure 8 are arranged in an array. The 
scanning electrodes 1 are supplied with power from a scanning signal driving 
circuit 21, and the video signal electrodes 2 are supplied with power from a 
video signal driving circuit 22. 

Now, the case will be considered where, in the circuit configuration of 
Figure 11, driving is conducted with a waveform as shown in Figure 15 in the 
same way as in the case of the circuit configuration (Figure 13) in the first 
embodiment. When Figure 3 (one pixel is shown in Figure 14) is compared 
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with Figure 11 (one pixel is shown in Figure 8), the capacitance between the 
common electrode (V c (n)) and the pixel electrode (Va) is C st in the former case, 
whereas the capacitance between the common electrode (V c (n)) and the pixel 
electrode (Va) is C lc in the latter case. Therefore, a formula corresponding to 
the conservation of charge (Formula 11) in the case of Figure 3 is given by the 
following (Formula 39): 

C gd (V SJg (-) - V gon ) + C lc (V sig (-) - V c (-)) + C st (V slg (~) - V gofi ) 

= C gd (V do (-) - V gofi ) + cjyjr) - + c st <yjr) - v goff ) 
0^0^+) - V g J + C lc (V sig (+) - V 0 (+)) + C st (V slg (+) - V goff ) 
= C gd (V do (+) - + C lc (V do (+) - V^) + C st (V do (+) - V goff ) 

(Formula 39) 

Herein, the following is taken into consideration: when a scanning electrode 
(V g (n)) is selected, a scanning electrode (V g (n-1)) of the previous stage has 
been selected, and the potential has become V^. When (Formula 39) is 
modified, (Formula 40) is obtained. 

V do (-)=V sig (-)-a lc AV c (-) 

~a gd AV gon 
V d0 (+) = V sig (+)-a lc AV c (+) 

-a gd AV gon 

(Formula 40) 

where AV gon , AV C (+), and AV C (-) are the same as those in (Formula 13), and 
and a lc are represented by (Formula 41): 

tf> gd = Cgd/Ctot 

a ic = C lc /C tot 

C to t ~ C gd + C lc + C st 

(Formula 41) 

When the above-mentioned results are compared with the case 
((Formula 12) to (Formula 14)) of the circuit configuration in Figure 3, the 
only difference lies in that suffixes "st" and "lc" are opposite. This shows that 
what is described in the Background Art, (Analysis of the problems of the 
prior art), (Description 1 of the principle of the present invention: Principle of 
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a reduction in a brightness gradient/flickering), (Principle 2 of the present 
invention: Optimum distribution of p and y), (Supplementary item 1 regarding 
the principle: and A J, (Supplementary item 2 regarding the principle: 
method for supplying a power of scanning electrodes and common electrodes), 
and (Supplementary item 3 regarding the principle: Another circuit 
configuration) is applicable as it is to the case (Figure 11) of the present 
configuration, if C st (storage capacitance) — > C lc , C lc •—> C st , and a st a lc . More 
specifically, it is apparent that predetermined effects such as a reduction in 
flickering and a brightness gradient, and the like are obtained in the same 
way as in the circuit in Figure 3. 

It is understood that, in Figure 11 (and Figure 8), a scanning electrode 
of the previous stage corresponds to the counter electrode (V f ) in Figure 3 (and 
Figure 14), if it is considered that C st is replaced by C lc . The scanning 
electrode of the previous stage has a potential in a non-selection state, 
when the scanning electrode of the stage concerned is selected. Therefore, it 
is possible to consider that the scanning electrode of the previous stage is the 
same as the counter electrode in Figure 3. In other words, any electrode 
having the same potential both during a selection period of the scanning 
electrode of the stage concerned and during a retention period can be used as 
a connection destination of C sfc . Such an electrode may be any electrode 
excluding a common electrode opposing a pixel electrode via a display medium 
(liquid crystal: capacitance C lc ) and a scanning electrode of the stage 
concerned. Among them, a scanning electrode (which may be of the 
subsequent stage) excluding the scanning electrode of the stage concerned, or 
a common electrode other than those opposing via C lc is particularly desirable. 

(Embodiment 5) 

Figure 12 is a plan view showing a pixel layout of a display apparatus 
of the fifth embodiment according to the present invention. In this pixel 
layout, regarding liquid crystal in an IPS mode as in the fourth embodiment, a 
layout is inverted in the vertical direction on the column basis, in the same 
way as in the second embodiment in which a reduction in horizontal crosstalk 
and a decrease in a voltage of a video signal driving circuit IC are realized. 

Figure 13 is a circuit configuration diagram of the display apparatus 
of the fifth embodiment according to the present invention. This corresponds 
to the case where TN liquid crystal is used (i.e., Figure 5 showing the circuit 
configuration of the second embodiment). 



62 



When these are compared, it also can be considered that only suffixes 
"st" and "lc" are replaced. Thus, as described in the second embodiment, the 
effect of realizing dot inversion driving or column inversion driving, and a 
decrease in a voltage of a video signal can be obtained. 

(Embodiment 6) 

In the above-mentioned fifth embodiment, the effect of an increase in 
amplitude of a pixel electrode retention potential is obtained as described in 
JP 5(1993)-143021 with dot inversion driving or column inversion driving in 
the IPS-type configuration. If this is allowed to proceed further, it is 
apparent that what is described in (Description 1 of the principle of the 
present invention: Principle of a reduction in a brightness gradient/flickering), 
(Principle 2 of the present invention: Optimum distribution of P and y), 
(Supplementary item 1 regarding the principle: and A^, (Supplementary 
item 2 regarding the principle: method for supplying a power of scanning 
electrodes and common electrodes), and (Supplementary item 3 regarding the 
principle: Another circuit configuration) is adopted as it is, and predetermined 
effects such as a reduction in flickering, a decrease in a brightness gradient, 
and the like can be obtained (herein, it may be considered that C st (storage 
capacitance) — > C lc , C lc C sfc , a st a 1( ). Furthermore, if the similar 
replacement is conducted with respect to the postscript in the third 
embodiment, the entire configuration of the sixth embodiment is established. 

Hereinafter, other embodiments of the present invention will be 
described. 

(Exemplary configuration in the case where a common electrode potential is 
not controlled) 

The case will be considered where a common electrode potential is not 
controlled, and a constant potential always is supplied. In this case, a 
common electrode potential control circuit is not required. This corresponds 
to the case where V c (+) = V c (-) = V coff in the present invention. According to 
(Formula 19), AV^ = 0 and V cp = 0. In this case, y(0) = y(E) = 0 from (Formula 
25). Therefore, (Formula 29) is not satisfied, and the effect of enhancement 
of a brightness gradient cannot be obtained. However, since (3(0) = a gd (0), 
p(E) = a gd (E) from (Formula 27), it is possible to suppress flickering so as to 
satisfy (Formula 31) i.e., a gd (0) < a gd (E). 

In particular, the case will be considered where scanning electrodes 
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are supplied with a power from one side, and the potential of common 
electrodes is fixed on both sides (more specifically, a constant voltage is 
supplied). In this case, a recharge voltage is generated as shown in Figure 
26C. In this manner, a recharge voltage is not increased with distance from 
feeding ends of scanning electrodes, but there is a tendency that a recharge 
voltage has a local maximum value at a certain position, and decreases 
thereafter. Thus, it is desirable that the correction of a gd should follow this. 
More specifically, for example, in the case where a gd in a portion farthest from 
the feeding ends of scanning electrodes is assumed to be a gd (F), it is desirable 
that there is a position having a value of a gd larger than a gd (F) between the 
portion furthest from the feeding ends of the scanning electrodes and the 
portion close thereto. This also applies to the case where scanning electrodes 
are supplied with a power from one side, and the potential of the common 
electrodes is fixed only on the opposite side, as in Figure 26E. 

(Exemplary driving method with another driving waveform) 

Exemplary voltage waveforms in the driving method of the present 
invention are shown in Figures 6A and 6B, Figures 7A and 7B, or Figure 15. 
In addition to these, for example, it also is possible to use driving waveforms 
as in Figures 28A, 28B, 29A, and 29B. 

Figures 28A and 28B show driving waveforms in the case of driving 
the circuit with the configuration shown in Figure 3 or 11. In Figure 15, a 
common electrode potential during a retention period is only one value, i.e., 
V^; however, in the driving waveforms in Figures 28A and 28B, a common 
electrode potential during a retention period is not necessarily one kind, and 
has two kinds of values, i.e., V c (+) and V c (-). 

Now, the case of the circuit configuration in Figure 3 is considered. 
For example, when a scanning electrode G x is selected, and pixel electrodes 
are charged with a negative signal (in the case of an odd-number frame in 
Figure 28A), the potential of a common electrode C x connected via storage 
capacitance is V c (-); however, the potential becomes V c (+) during the 
subsequent retention period. Furthermore, when a scanning electrode G 1 is 
selected, and a pixel electrode is charged with a positive signal (in the case of 
an even-number frame in Figure 28B), the potential of a common electrode C a 
is V c (+); however, it becomes V c (-) during the subsequent retention period. 
This also applies to other scanning electrodes, for example, G 0 and G 2 . 

In this case, when conservation of charge is considered in the same 
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way as described with respect to (Formula 11) in the Background Art, 
(Formula 42) is obtained. 

W) - V.J + C st (V sig (-) - V c (-)) + cjyjr) - 

= c^crjr) - v^) + cjyjr) - v c (+» + cjyjr) - V f ) 

C gd (V ag (+) - V gon ) + C st (V slg (+) - V c (+)) + C lc (V sl ,(+) - V f ) 
= C ei (VJ+) - + C st (V d0 (+) - V c (-)) + C fc (V d0 (+) - V,) 

(Formula 42) 

This is the formula obtained by changing of the second term (the term 
including C st ) of the right side to V c (-) or V c (+) in the second formula of 
(Formula 11). If the following (Formula 43) is used in place of (Formula 13), 
(Formula 12) holds as it is. 

AV = V -V « 

v gon v gon T goff 

AV 0 (+)=V c (+)-V e <-) 
AV c (-)=V c (-)-V c (+) 

(Formula 43) 

More spedfically, if AV C (+) and AV C (-) are read as in (Formula 43), the 
following discussion (the principles and the lite described in (Analysis of the 
problems of the prior art), (Description 1 of the principle of the present 
invention: Principle of a reduction in a brightness gradient/flickering), 
(Principle 2 of the present invention: Optimum distribution of p and y), 
(Supplementary item 1 regarding the principle: and AJ, (Supplementary 
item 2 regarding the principle: method for supplying a power of scanning 
electrodes and common electrodes), (Supplementary item 3 regarding the 
principle: Another circuit configuration), and the like) are all applicable. 

The formula type of (Formula 43) is different from that of (Formula 
13). However, AV C (+) or AV C (-) also is a value of a potential (in this case, V c (+) 
or V c (-)) of a common electrode to which storage capacitance is connected, at a 
moment when a pixel is charged, based on a potential (in this case, V^) in a 
retention state. 

Even in the case using Figure 11, the above description applies 
similarly if C st (storage capacitance) -» C lc , C lc C st , a st -> a lc . 

Figures 29A and 29B show driving waveforms in the case of driving a 
circuit with the configuration in Figure 5 or 13. These driving waveforms are 
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to be compared with those in Figures 6A and 6B. Also in this case, a common 
electrode potential during a retention period is not necessarily one kind, and 
has two kinds of values, i.e., V c (+) and V c (-). 

Now, it is assumed that, in the circuit configuration in Figure 5, for 
5 example, a scanning electrode G x is selected, and pixel electrodes belonging to 
a video signal electrode S 1 are charged with a positive signal, and pixel 
electrodes belonging to a video signal electrode S 2 are charged with a negative 
signal (the case of an odd-number frame in Figure 29A). In this case, the 
potentials of common electrodes C 0 and C x connected via storage capacitance 
10 are V c (+) and V c (-), respectively; however, they are V c (-) and V c (+), 

respectively, during a retention period. In contrast, when a sca n n in g 
electrode G^s selected, and pixel electrodes belonging to a video signal 
electrode S 1 are charged with a negative signal, and pixel electrodes belonging 
O to a video signal electrode S 2 are charged with a positive signal (the case of an 

> 15 even-number frame in Figure 29B), the potentials of common electrodes C 0 
2 and C x are V c (-) and V c (+), respectively; however, they are V c (+) and V c (-), 

respectively, during a retention period. This also applies to other scanning 
electrodes, for example, G 0 and G 2 . 
« _ More specifically, regarding any pixel electrode, when it is charged 

Sj 20 with a positive signal, the potential of a common electrode that is a connection 
S destination of storage capacitance always is V c (+) and becomes V c (-) during a 

jjj retention period. When a pixel electrode is charged with a negative signal, 

5j the potential of a common electrode of a connection destination of storage 

capacitance always is V c (-) and becomes V c (+) during a retention period. 
25 Therefore, the same conservation of storage as that of (Formula 42) holds, and 
by only reading AV C (+) and AV C (-) as in (Formula 43), what is described in 
(Analysis of the problems of the prior art), (Description 1 of the principle of the 
present invention: Principle of a reduction in a brightness gradient/flickering), 
(Principle 2 of the present invention: Optimum distribution of P and y), 
30 (Supplementary item 1 regarding the principle: and A J, (Supplementary 
item 2 regarding the principle: method for supplying a power of scanning 
electrodes and common electrodes), (Supplementary item 3 regarding the 
principle: Another circuit configuration), and the like is all applicable. 

In the case of using the driving method in Figures 6 A and 6B, Figures 
35 7A and 7B, or Figure 15, three potential levels are required in a common 
electrode potential control circuit. However, in the case of the present 
embodiment, only two potential levels are required. Thus, compared with 
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the driving method in Figures 6A and 6B, Figures 7A and 7B, or Figure 15, 
the configuration of the common electrode potential control circuit can be 
simplified, and cost can be reduced. 

(Case where a switching element is formed of a p-channel TFT) 

Hitherto, an n-channel thin film transistor (which is turned on when a 
gate potential is larger than a threshold voltage, and turned off when a gate 
potential is smaller than a threshold voltage) has been assumed as a 
switching element. However, the above description also applies to the case of 
a switching element of a p-channel TFT (which is turned off when a gate 
potential is larger than a threshold voltage, and turned on when a gate 
potential is smaller than a threshold voltage). What is described in (Analysis 
of the problems of the prior art), (Description 1 of the principle of the present 
invention: Principle of a reduction in a brightness gradient/flickering), 
(Principle 2 of the present invention: Optimum distribution of (3 and y), 
(Supplementary item 1 regarding the principle: and A J, (Supplementary 
item 2 regarding the principle: method for supplying a power of scanning 
electrodes and common electrodes), (Supplementary item 3 regarding the 
principle: Another circuit configuration), and the like is all applicable. This 
is because the relationship formula of conservation of charge of (basic Formula 
11) (or (Formula 42)) holds irrespective of whether a switching element is of 
an n-channel type or a p-channel type. 

However, it should be noted that, in the case of a p-channel thin film 
transistor, the relationship in magnitude between V gon and V goff generally is 
inverted, compared with the case of an n-channel thin film transistor. Figure 
30 shows a relationship in magnitude of a recharge voltage corresponding to 
Figure 18. Therefore, a relationship in magnitude of a recharge voltage 
corresponding to (Formula 16) is represented by (Formula 44): 

IAV b (0,+)|<|AV b (E,+)| 
IAV b (0,-)|< |AV b (E,-)l 
|AV b (0,+)MAV b (0,-)l 
<|AV b (E,+)|-|AV b (E,-)| 

(Formula 44) 

In the case of a p-channel thin film transistor, a feedthrough voltage 
becomes positive, and a recharge voltage becomes negative. Therefore, in the 
above-mentioned formula, absolute value marks are provided. If the 
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absolute value marks are removed, (Formula 45) is obtained. 



t *5 



AV b (0,+)>AV b (E,+) 
AV b (0,-)>AV b (E,-) 
5 AV b (0,+)-AV b (0,-) 
>AV b (E,+)-AV b (E,-) 

(Formula 45) 

When (Formula 45) is compared with (Formula 16), the third formulae 
10 are the same, whereas the direction of inequality signs is opposite in the first 
and second formulae. Then, (Formula 21) holds as it is, whereas the 
direction of an inequality sign becomes opposite in (F ormula 20). 

The conditions for eliminating a brightness gradient and flickering in 
this case will be considered. First, as the condition for ehminating a 
15 brightness gradient, the same relationship as that of (Formula 29) is obtained 
from (Formula 28) and the third formula of (Formula 45). Furthermore, as 
the condition for ehminating flickering, the right side of (Formula 30) becomes 
negative from the first and second formulae of (Formula 45). However, AV^ 
also is negative, and the same relationship as that of (Formula 31) can be 
20 obtained. More specifically, the condition for ehminating a brightness 

gradient and the condition for ehminating flickering are represented by the 
same formula, irrespective of whether a thin film transistor is an n-channel 
type or a p-channel type, and the configuration of the present invention is all 
applicable. 

25 

(Case of the configuration in which a plurality of hnes are scanned 
simultaneously) 

When liquid crystal is driven, one pixel may be charged twice or more 
in one frame (display period). For example, the following may be conducted: 

30 a video signal for conducting a black display is written after a video signal is 
written in one frame, whereby blurring with respect to animation is improved 
(generally, after 50 to 99% of a time in one frame has passed after a video 
signal is written, a video signal for conducting a black display often may be 
written). Alternatively, particularly in the case where OCB (optically 

35 compensated bend)-mode liquid crystal (which also may be called bend 

nematic LCD) is used, a video signal for conducting a black display may be 
written for the purpose of preventing reverse transition. Alternatively, a 
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video signal may be written for the purpose of conducting preliminary 
charging 1H to 2H (1H is a horizontal period) before charging of a pixel is 
conducted. 

In these cases, a video signal may be written to a plurality of lines 
simultaneously (more specifically, the potential of scanning electrodes in a 
plurality of lines is made V gon simultaneously). For example, this 
corresponds to the case where a black signal is written to a plurality of lines 
simultaneously when a black display is conducted. Alternatively, 
preliminary charging may be conducted simultaneously with main charging of 
the other pixels. 

Even in the above-mentioned cases, if the potential of a common 
electrode to which each scanning electrode, which is to be V gon simultaneously, 
is connected via storage capacitance (for example, in Figure 3, C : with respect 
to G u and C 2 with respect to G<) is varied in accordance with the polarity of a 
video signal to be written, the effect of an increase in a signal amplitude can 
be obtained with respect to each writing (charging). Thus, driving without 
inconsistency can be conducted. 

(Supplemental remarks with respect to cost of a driving circuit) 

In the case of the present invention, since it is required to provide a 
scanning signal driving circuit and a common electrode potential control 
circuit (in the case of a general driving method in which the potential of a 
common electrode is kept constant, a common electrode potential control 
circuit is not required), there may be apprehension that cost is increased. 
However, if these driving circuits and pixel switching elements are designed 
on the same layout in the stage of mask layout design, extra processes do not 
result in the course of actual production, so that cost is not increased. In 
order to produce a scanning electrode driving circuit and a common electrode 
potential control circuit in the same substrate together with switching 
elements, it is desirable to use poly crystalline Si, single crystal Si, or SOI 
(silicon-on-insulator) type thin film transistor (or MOSFET). The reason for 
this is as follows. In the case of using these semiconductor substrates, either 
a p-channel thin film transistor or an n-channel thin film transistor can be 
produced, so that a degree of freedom for design of a driving circuit is 
enhanced. 
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(Case of a current driving element) 

An optical state of liquid crystal is controlled with an applied voltage 
(driving with a voltage), whereas an optical state of a self-emitting type diode, 
laser, electroluminescence material generally is controlled with a current 
(driving with a current). However, for example as shown in Figure 31, if a 
pixel configuration is obtained in which a pixel TFT controls a gate potential 
of another auxiliary TFT 25 (also referred to as an auxiliary switching 
element), whereby a current flowing into an organic electroluminescence 
element 24 is controlled, active matrix type driving is made possible. 

In this case, if the portion surrounded by a broken line is dealt with 
collectively, this can be considered as if it is a display medium whose optical 
state is controlled with a voltage. Therefore, the configuration of the present 
invention is applicable. In this case, the sum of a gate - source capacitance 
and a gate - drain capacitance of the auxiliary TFT 25 may be considered to 
be C lc . 

In such an element, it is not necessarily required to apply voltages 
with positive and negative polarities (i.e., a.c. driving) to a gate of the 
auxiliary TFT 25. However, even in the case of d.c. driving, when a gate 
potential (potential of a portion represented by V g (n) in Figure 31) falls, a 
distribution in a display region is caused in the potential V d due to the 
distribution of a recharge voltage in a display region. The reason for this is 
as follows. For example, when the first and third formulae (or second and 
fourth formulae) among four formulae of (Formula 17) are compared with 
each other, a difference is caused between AV b (0, +) and AV b (E, +), whereby 
the value of V do (0, +) is different from the value V do (E, +). If a distribution is 
given to a st or a gd in a display region so as to shorten the distance between 
V do (0, +) and V do (E, +), a brightness gradient can be eliminated. 

As described above, the effect of eliminating a brightness gradient 
cannot be obtained when y = a^V^ is a constant value in a display region. 
In other words, by setting the value of y not to be constant in a display region, 
the effect of eliminating a brightness gradient can be obtained. As is 
understood from the descriptions of (Formula 12) to (Formula 14), y refers to a 
difference in a capacitive coupling voltage superimposed on pixel electrodes 
from common electrodes between the case where the polarity of a video signal 
is positive and the case where the polarity of a video signal is negative (in 
other words, a difference between the application of a positive voltage to a 
display medium and the application of a negative voltage thereto). More 
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specifically, the following also can be considered: a distribution of a capacitive 
coupling voltage is varied in a display region between the application of a 
positive voltage to a display medium and the application of a negative voltage 
thereto, whereby the effect of eliminating a brightness gradient is obtained. 

A capacitive coupling voltage superimposed on the pixel electrodes is 
not necessarily from common electrodes. However, in order to adjust the 
potential freely in synchronization with the scanning electrodes, it is desirable 
to use common electrodes. 

A method for changing a value in a screen in the present invention 
basically is realized by setting such a layout intentionally (more specifically, 
by setting a design mask figure intentionally). However, even if a design 
mask figure is created as in the prior art (more specifically, layouts of a pixel P 
and a pixel Q are designed to be uniform in a screen without giving a 
difference therebetween), for example, by intentionally shifting mask 
alignment in the course of production, the effects of the present invention also 
can be obtained. 

In order to change a capacitance value, it is easiest to change an 
overlapping area of two conductive layers (or semiconductor layers) in a 
capacitance formed by allowing two conductive layers (or semiconductor 
layers) to sandwich an insulating layer. However, the following also may be 
possible: a gap between two conductive layers on a layout is changed by 
utilizing a capacitance caused by two conductive layers (or semiconductor 
layers) that are not overlapped with each other in a plane but are close to each 
other. Furthermore, it may be possible to vary a capacitance by changing the 
thickness of an insulating layer or changing a dielectric constant in some 
cases. 

In the above, correction of an in-plane distribution of a recharge 
voltage has been described. However, it also is appreciated that flickering 
and a brightness gradient caused by an error in a production process (size 
shift and non-uniformity caused by alignment, omission, leaving, and the like) 
can be corrected by the same method as that of the present invention. 

In order to correct inconsistency of generation of a recharge voltage on 
the line basis, caused by a difference in the distance of a wiring portion from a 
scanning signal driving circuit to a screen end portion in respective lines, and 
a recharge voltage difference between the central portion and the upper and 
lower portions, caused by a fixed potential at an upper end or a lower end of 
the counter electrode particularly in the case of the configuration in Figure 2, 
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Os,, and may be changed for each line. 

In the above, the scanning signal driving circuit supplies a power from 
the upper side. However, it may supply a power from the lower side, or from 
upper and lower sides. Furthermore, the scanning signal driving circuit may 
supply a power alternately to every other column. 

In the above, a scanning signal is supplied from the left (or right) side, 
and a video signal is supplied from the upper (or lower) side. However, the 
present invention is applicable to a display apparatus in which a scanning 
signal is supplied from the upper (or lower) side, and a video signal is supplied 
from the left (or right) side. 

In the above-mentioned embodiments, a display apparatus has been 
described, which refers to the entire apparatus including a scanning signal 
driving circuit and a video signal driving circuit. In contrast, a portion at 
least including an array substrate, a counter substrate, and liquid crystal, 
without including a driving circuit, particularly is referred to as a "display 
element". The effects of the present invention can be obtained both in a 
display apparatus and a display element. 

As the liquid crystal, a liquid crystal other than the above-mentioned 
TN liquid crystal and IPS liquid crystal may be used. VA (vertical alignment) 
liquid crystal having relatively high response speed and a high contrast may 
be used. Alternatively, MVA (multi-domain VA) liquid crystal or other liquid 
crystal may be used. For example, TN (twisted nematic) liquid crystal, STN 
(super twisted nematic) liquid crystal, ECB (electric field control 
birefringence) type liquid crystal including VA liquid crystal (vertical 
alignment liquid crystal or homeotropic liquid crystal), homogeneous 
alignment liquid crystal, and the like, bent liquid crystal, IPS (in-plane 
switching) liquid crystal, GH (guest-host) liquid crystal, polymer dispersion 
type liquid crystal, ferroelectric liquid crystal, antiferroelectric liquid crystal, 
OCB liquid crystal, discotic liquid crystal, and other various modes can be 
used. Liquid crystal may be of a normally white type (a transmittance is 
decreased with an increase in an applied voltage) or a normally black type (a 
transmittance is increased with an increase in an applied voltage. 
Furthermore, in addition to liquid crystal, a material whose optical 
characteristics are changed with an applied voltage may be used. For 
example, electrooptical liquid crystal such as BSO (bismuth silicon oxide) and 
the like can be used. Furthermore, an electrochromic material, a self- 
emitting diode, laser, electroluminescence material, and the like may be used. 
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Alternatively, a DMD (deformable mirror device) and the like may be used. 
Since liquid crystal is least expensive, it is desirable to use liquid crystal. 

In the above-mentioned embodiments, a direct- vision type liquid 
crystal display panel has been described mainly. However, the present 
invention also is applicable to a liquid crystal element (including a 
polycrystalline Si type, a single crystal Si type, SOI (silicon-on-insulator) type, 
and the like) used in a liquid crystal projector. 

In the first to third embodiments, a display apparatus of a TN type 
configuration (more generally, a configuration in which a pixel electrode and a 
counter electrode form a parallel plate capacitance with a liquid crystal layer 
interposed therebetween) has been described. In the fourth to sixth 
embodiments, a display apparatus with an IPS type configuration (more 
generally, a configuration in which a common electrode and a pixel electrode 
are formed on the same substrate, and liquid crystal is operated with an 
electric field parallel to the substrate) has been described. 

However, the first to third embodiments, i.e., the unit pixel circuit 
configuration in Figure 14 may be implemented with an IPS type 
configuration. For example, a common electrode (potential V c (n)) and a 
counter electrode (potential V f ) only need to be produced separately on a 
substrate (the counter electrode may be separated on the line basis or column 
basis). 

Furthermore, the fourth to sixth embodiments, i.e., the unit pixel 
circuit configuration in Figure 8 may be implemented with a TN-type 
configuration. In this case, a counter electrode formed on a substrate on a 
counter side plays a role as a common electrode. Generally, a counter 
electrode is one electrode formed over the entire surface of a display region. 
Therefore, it is required that the potential takes either V c (+) or V c (-) while the 
entire screen is scanned. However, the effects of the present invention are 
obtained similarly. In this case, may be considered to be an average 
value, i.e., [V c (+) + V c (-)]/2 (in this case, according to (Formula 19), AV^ = 0, so 
that the effect of enhancement of stability with time described in 
(Supplementary item 1 regarding the principle: and A^ cannot be 
expected). 

Needless to say, if a counter electrode is insulated on the line basis 
with a TN-type configuration, the potential of the counter electrode in each 
line can be set separately, and the fourth to sixth embodiments can be 
implemented as they are. 
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As a modified driving method of the present invention, there is a 
method for varying while keeping common electrodes or a counter electrode at 
the same potential, for example, in the unit pixel circuit configuration in 
Figures 8 and 14 (synchro gate driving method). For example, in Figure 14, 
in the case where a video signal given by a video signal electrode is positive, a 
counter electrode potential V, and a common electrode potential V c (n) are set 
to be a first potential, and in the case where the video signal is negative, these 
potentials are set to be a second potential. In this case, the connection 
destinations (more specifically, V c (n) and of C st and C lc in Figure 14 have 
the same potentials. Therefore, C st and C\ c can be considered merely as a 
parallel capacitance, and C st + C lo can be considered to be equivalent to C lc in 
Figure 8 (C st in Figure 8 may be 0). 

Furthermore, the above-mentioned first potential may be considered 
to be V c (+), the second potential may be considered to be V 0 (-), and may be 
considered to be an average value thereof, i.e., [V e (+) + V c (-)]/2 (in this case, 
according to (Formula 19), AV 0C = 0, so that the effect of enhancement of 
stability with time described in (Supplementary item 1 regarding the 
principle: and AJ cannot be expected). 
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